Needham, Anglo-French Civilities and Ecumenical Science by Petitjean, Patrick
Needham, Anglo-French Civilities and Ecumenical
Science
Patrick Petitjean
To cite this version:
Patrick Petitjean. Needham, Anglo-French Civilities and Ecumenical Science. S. Irfan Habib
& Dhruv Raina. Situating the History of Science. Dialogues with Joseph Needham, Oxford
University Press, New Delhi, pp.152-197, 1999. <halshs-00116955>
HAL Id: halshs-00116955
https://halshs.archives-ouvertes.fr/halshs-00116955
Submitted on 28 Nov 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de











<Eb_F_<E@?9XF_@ES+g ;C7:e|W{<?;=@F_<E@}7:9{5?FWﬂ~:@?9(Wds@87qg,@E@?FSM;k~q~:@9{@?Fr7<8pfA7qp9D5?fP5?9{@E5rWDzRP@E@ESMeT5? Wdj_9{b_ ;kFT@?Fr77X@2M7u;ZW
pF_S_bMp_sM7X@ESMfCt{\eT@LGb_f=@rWb_~HŁp9{bj@u5?FTShQ)eM;kFT5;F7:eT@LHŁVb_fAp_7:;=b_Fb_~@E<2p@?FM;v<E5?fK<?;=@?FT<E@Mt2ﬂney;=<?e
;kFr7X@fkf=@E<87qp$5f5F_S;kF-W:7:;A7qp_7:;=b_F_5?f7:9{5oBD@E<87Xb_9of=@5ESL7Xb7:eM;ZW)7X@8y7Jbd@fAp$<?;=S_587X@W{b_@ 5rWXj@E<87{Wb_~7:eM;Wrp$@rW:7:;=bFTz
7:e_@j5j@?9Jg;kfkf-s@5?;kFyfA~:b<E5?fk;W{@ES pjbFRP@E@ESMe_5 WWXj@E<?;k~q;v<?;A7qP5?,bFy	ge_587\5?9: 1@9*Wﬂ>@8	<E5?fkf=@Sito7:e_@
V_;ZWX;As_fv@<bfkfv@?@Mtﬂ{z)7:eM;ZW_9{bMpjb_~!f=@E5ESM;kFyh9ﬂ;A7:;ZWXe}W{<;=@?Fr7:;Wo7{Wge_bS_@ESM;=<587X@ES7:e_@ﬀW{@?fCV@rW7XbWD<?;=@?FT<E@d5?FTS



















K<?;=@?Fm7:;k~q;=<}1b_9ﬂ>@?9(W{z,aŁKMx]hneT58752sbMp_7RP@E@ESMeT5? 5877:eT@+K_;kF_b 9ﬂ;A7:;ZWXe|K<?;=@Fr7:;k~q;=<xQb_  ;W*Wﬂ;vbF
Srp9ﬂ;kFy7:eT@159uI;ZWdWo7:9:p__f=@h~:b9u5FnNﬂFr7X@9ﬂF_587:;vbFT5?fK<?;=@?Fm7:;k~q;=<nK@?9oVT;=<E@xe_527P58sbMp_7j_9{b_~:@rW(Wﬂ;=b_F_5?f
W{b<?;=58sT;kfk;A7:;v@rW·V_;ZWX;A7{W£5?F_S W:7X58W7Xb|~:b_9{@?;k_Ff=58sb9D587Xb9X;=@rW{zﬀNXFr7X@?9ﬂFT587:;=b_F_5?fLQbTpFT<?;kfPb~wK<?;=@?Fm7:;k~q;=<}UFM;=b_F-W
OoN{Q!KMU ]Ł@E@27:;kFMWDz<Eb_FM_9{@rW(W{z@27X<M_ KMp$<?ef=58sb9{527Xb9ﬂ;v@rW¢5rWŁ;kFPQ5s_9ﬂ;vSM@0;kF 7:eT@ ^ ª-W¢5?FTS,;Fd ^ª zb9
7:e_@	a¡9D@?F_<?e£t{Qb_fkf=@@S_@,a¡9{5F_<E@Mt;kF} ^_©_´ ©_^g,@?9{@	;Fr7X@?fkfv@E<87qp$5?fc@?fA7:;kFydjbM7{W{zF_bM7b_FMfAu~:b_9!5Fd@?~q~:@<87:;AV@
;kFr7X@9ﬂF_587:;vbFT5?f3WD<?;=@?Fm7:;k~q;=< j_9{5E<87:;v<E@Ez§syp_75?fZWDb ~:b9¤7:e_@ @?@9ﬂ@?F_<@ b_~+FT@8g <Eb_F_<E@?jM7:;vbFW|52sbMp_7+7:e_@






5?F_Sj_9{b_~:@rW*WX;=b_F_5?fﬃW{b<?;=52s_;kfk;C7:;=@rW<Eb_s_;F_@ESﬀg ;C7:eb9D@,;vS_@Ebfvb_;=<5?f¡j_9{bTT;k ;A7:;v@rW5?F_Su<Eb_ b_Fﬀj5?9:7:;=<?;kj587:;vbF
7Xbdjbfk;C7:;=<E5?f6b9W{b<?;=5?f6b9ﬂ5FM;ZWD587:;=b_F-Wb9;kFr7X@?9XF_587:;=b_F_5fF_@27qgb_9ﬂ>W0xeM;=<eu5?9{@7:e_@ 9{@?fv587:;AV@ j5?9:7{Wb~W{b<?;=5?f
S_@87X@?9ﬂ;kF_587:;vbFW{z)jbf;A7:;=<E5?fŁg ;kffZW{z)j_9{b_~:@rW*WX;=b_F_5?f5F_Sh;kFm7X@?fkf=@E<27qp$5?f);kFm7X@?9{@rW:7{W{z)5?FTSey;ZWo7Xb_9ﬂ;=<E5f)<Eb_Fr7:;FM@?FT<?;=@rW
ney;=<?e;ZW)7:eT@ 9{b-bM7b~ﬃ7:e_@<Eb_e_@?9D@?F_<E@Oo;~)5?Fm$ = ]b~7:eT@?;k9JV5?9ﬂ;=bMp¡W<b ;A7:@?Fm7{W&IbMg¦7Xbﬀs@;kFrVbfAV@ESﬀ;kF
V5?9X;=bTp¡WŁFT@87qgb_9ﬂ>WŁ58,e_58V@0j_9{bSrp$<E@ESF_@8g;Fr7X@?fkfv@E<87qp$5?f$b9Łjb_fk;A7:;=<E5f5?@F_S_5rW¢xe_527ﬃ52sbMp_7¶7:eT@!rp$@rWo7:;vbF
b~¢5?Fm7:;
 HŁp9{b-<@?Fr7:9ﬂ;Wﬂ Oo;kFdWD<?;=@?FT<E@5rW{zb_9{@@?FT@?9{5?ffATz ;F<?;AVT;kfk;kl¹587:;=b_FM]{z-geM;=<?eg5mW&W{bp$<?eP~:58VbMp9{@ES	sy
U FT@rW{<b- WŁ587:,b WXj_e_@?9{@z-5?FTSg ey;=<?e eT5rWs@@?F7:e_@&fv5?F_SM59ﬂ>Pb~7:e_@!@F_<EbMpFr7X@?9Łb_~Rﬀ@@ESMe_5?5F_Sac@8syV_9{@!
Rﬀbw<Ebff=@E<87:;AV@	s_;=b__9{5?j_emdeT5rW@8V@?9&s@@?Fig9ﬂ;A7q7X@?Fd~:b_9&7:e_@	a 9{@?F_<ehW{<?;v@?Fr7:;ZW:7{W!5F_SWDb-<?;v5?fk;ZW:7{W&;kF7:e_@
 ^_©_ª-W2¡KMp$<?e5!gb_9ﬂ>ﬀg,bTpf=SﬀeT58V@!7:9ﬂ;=@ES	7Xb5?FT5?fAW{@&7:e_@!_f=bMs5?f;A7qPb_~¶7:e_@ W{b<?;=5f=z-jb_fk;A7:;=<E5f5?FTS	j_9{b_~:@rW(Wﬂ;=b_F_5?f
<Eb_  ;A7:@Fr7{Wb_~7:e_@mW{@	WD<?;=@?Fm7:;ZWo7{WDz¶5F_S_z-p¡Wﬂ;kFyu5?fZWDbL@?9*WX>@8T WŁsbb>z-g,bTpfvSﬀe_58V@ 5?fkf=bMg,@ES	p¡WJ7Xbﬀj@?9X~:b9ﬂ
5 ~q9op;A7:~Zpfc<Eb_ j5?9{587:;CV@9ﬂ;A7:;ZWXe a¡9D@?F_<?edW:7qp$Sr$Kb,@,9D@?f=@8V5?Fr7Łsbb>WS_b b~¢<EbMp9*W{@@8T;ZWo7XzsMp_7¢@?;A7:eT@?9J7:eT@8





<EbMpf=Ss@ pFrV@E5?f=@ESs@87qg,@E@?F7:e_@ V5?9ﬂ;vbTp¡W<Eb_  ;A7:@Fr7{Wb~)j_9Db ;F_@?Fm7!W{<?;v@?Fr7:;ZW:7{W&~q9Db|sbM7:edWﬂ;vS_@rWb~ﬃ7:e_@
Q)e_5?FyF_@?fq6Q5Fg,@<Eb_F-WX;=S_@?9&7:9{5ESM;C7:;=bFT5?fŁ@8Tj_f=5?F_527:;=bFW&7Xbs@iWop~q~q;=<;=@?Fr7Xz)Wop$<e5rW WDb-<?;v5?fŁS_@87X@?9ﬂ;kFM;ZWX O 7:e_@
_9{bMg ;kFyij59o7b_~W{<?;=@F_<E@pF_S_@9&<5?j_;A7X5?fk;Wﬂ SM9{bMV@ ;kFﬀ7:e_@d ^_©_ª-W!WDb@ﬀWD<?;=@?Fm7:;ZWo7{W 5rW5ﬀW{b<?;=5f¶_9DbTpj \7Xb
s@E<b@!jb_fk;A7:;=<E5fkfAP5E<27:;AV@!;kFPb9DS_@?9\7Xbﬀ5;kF 7:e_@?;k9Łj5?9o7cg ;C7:eM;kFjbMg@?9X])b_9Jjb_fk;A7:;v<E5?f$5E<87:;AVT;ZWﬂ¥O 7:e_@!b_9ﬂ5?Fy;ZW{@S
j_9{b_j5?5?F_S_5Pb~<EbpFM;ZW:7{W!5bFyhW{<;=@?Fr7:;Wo7{W)7Xbi5?;F~:@?fkf=bMgq7:9{58V@fkf=@?9*W~:b_9)UK¡KMG5F_Sﬀ7:e_@Qb pFM;ZW:7
465?9o7:;=@rWX]ﬀ&p9!5?;kF ;kFr7X@?9D@rWo7;ZW&7Xbd~:b_fkf=bMg°7:e_@	FT@87qg,b9ﬂ>W7Xbig ey;=<?ePRﬀ@@ESMe_5? j5?9o7:;=<;kj587X@ESg;A7:e@?9ﬂF_5f=z
G5?j_>_;kF_@ b9a\\¬bf;=bT7 XQ¢p9X;=@MﬃﬃeM;ZW;ZW!7:eT@Lg,58d7Xb@8V5?fAp$587X@ﬀ7:e_@u@85E<87&g,@?;k_em7b_~!<?9Db W(W{@ES;kFM~qfAp$@F_<E@rWDz\7Xb
s_9ﬂ;FM;kFr7Xbfk;k_em7JWDb,@&jb W(Wﬂ;AsTf=@!<Eb_ b_F ~:@E587qp9{@mWŁb~7:eTb WD@W{<?;=@Fr7:;ZW:7{W2
³!bFy7:eT@toV_;ZWX;As_f=@<Eb_fkf=@@Mt{z-RP@E@ESMeT5?°e_5rW)s@E@?F	7:eT@ b_FMfALb_F_@ S_@E@j_fAP;kFrVbfAV@ESﬀ;kF7:e_@0syp;kf=SM;kFy
b~65?F;kFr7X@9ﬂF_587:;vbFT5?f¶WD<?;=@?Fm7:;k~q;=<!b_9ﬂ5?Fy;ZW{587:;vbFOqU FT@rW{<Eb_]Ł5?FTS,;FV5?9X;=bTp¡W6;kFr7X@?9XF_587:;=b_F_5f_j_9{b~:@mW*Wﬂ;vbFT5?f5E<87:;AVT;A7:;=@rWDz
;kF bj_jbWﬂ;C7:;=bF|7Xb @?9ﬂFT5?f=zge_bW{@¤;kFm7X@?9ﬂF_527:;=bFT5?f <Eb ;A7:@?Fm7{W9{@?f;=@ES|b_9{@¤bF¥jbfk;C7:;=<E5?fﬀs5rWﬂ;ZW,I;ZW
³!FM_fk;v<E5?FwS_@8VbM7:;=b_F;ZW!g@?ff
o>_F_bMgF_z)5rW!g,@?fkf¢5rW!7:e_@ﬀg52deT@5?fAg,58W!5?FT5?@ESi7Xbh<Eb_F_<;kfk;=587X@iWXj_;k9ﬂ;A7qp$5fk;ZWﬂ














 K@E@ K_j@?F_<E@9}T5?9o7·-K<?;v@?Fr7:;ZW:7{Wﬃ;kF46bMg@9 ¶ ^_[_^_zMI,5?9oV59{SU Fy;AV@?9(Wﬂ;A7q4c9{@rW*W
¶n;fkfk;=5?+ §<E&p$<?>@?F_z¡t{!Fa¡9{@E@S_b5?FTS4fv5?FMFy;kFM;kFK<?;v@?F_<E@yMﬃe_@ Kb<?;=@87q~:b97:eT@a¡9{@E@S_bb_~
K<?;=@?FT<E@Ezﬃ ^ª? ^´t2rNXF ;kFT@?9oV5 z\ ´_zﬃ O? ^_[-`m]{z_j_j¡  ﬂ[ ¡
K@E@&~:b9ﬃ;F-Wo7X5F_<E@_·¶I ;kfv5?9o"KM7X@8V@?FGb WD@Ez¡toG!5SM;=<E5?f¡K<?;=@F_<E@&bMV@@?Fr7c;kFm7Xb,7:eT@`yª_ Wt{z;FK<?;=@?FT<E@&~:b9
7:e_@46@Eb_j_f=@ F	 [_z³&p_7qpFd ^-`yª_zj_j¡q ª? ©¶I;kf=5?9o KT7X@2V@?FGbW{@!Oﬂ@S-Wﬂ]{z\eT@G5ESM;=<E5?f;ZW{587:;vbFb_~














\eT@"j5?j@?9+g;kfkf~:b_fkf=bMg ;kFTSM;AV_;=Srp$5fZW+7:eM9DbTp_e 7:eT@?;k9|WD<?;=@?Fm7:;k~q;=< 5?FTS jbf;A7:;=<E5?fvzhj@?9*W{b_F_5f5?FTS
;kF-W:7:;A7qp_7:;=b_F_5?fvzb~q~q;=<;=5?fb_9pFy;=b_FM;ZW:7Xz<Eb ;A7:@?Fm7{W2 NﬂF¤sbM7:e¤&9X;A7:;ZWﬂe¥5?FTS¨a¡9D@?F_<?e|WX;=S_@rWDzWo7X5F_S¤5?;kFyfA
j_erT<?;ZWX;ZWo7{W 5?FTSsT;=bfvb_;ZW:7{W{z0g;A7:e¤W{b<?;=5fk;ZWo7{W <Eb_  ;C7:@?Fr7{W&¬E¢Rﬀ@E@SMe_5?z!¬E ­L@?9XF_5?f=z&®)G!5j_>_;kF_@Ez&4¢
®¢5?FM@2V_;kF 5?F_S®-ac@8sMVT9{@ﬀ59{@ﬀbMp9&5;kFd<e_5?9{5<87X@?9*WDz¶g ;A7:e¬Ip__f=@2_z¡¬ECQ)9{bMg7:eT@?9{z a\-¬2b_fk;=bM7 ﬂQJp9ﬂ;=@z 4¢
G;AV@87\5?F_S 4¢M³&p@?9;kFﬀWD@E<Eb_F_S fk;kFT@Ez5?F_Sg;A7:e 5?FmbM7:e_@9*Wﬃ;kF7:eT@s5E<>Wo7X5?@MyQbs_;kFy;kFMP<?eT5?9{5E<87X@9*WŁ5?FTS
<?eM9DbFTbf=b_MTzFy;kF_@WD<E@?FT@rWŁ5?9{@&;Fr7:9{bSrp$<E@ES
µEﬃ ! "$#&%'(%)$"*%+$,ﬂ-.)$ 0/ﬂ124305 !6767-83)$%09Z+$ 24673)$%09ﬂ%)$":-.)ﬂ;< =9>98 ?=;A@&%09B?3)$)$ ?=;<-83)$6DC*µFE0GH0I
¬2bW{@?j_eRﬀ@E@SMe_5?z-s@?;kFMu527ﬃ7:e_@ <E@Fr7X@?9b_~7:eM;WW:7Xb9:_ze_@!;ZW¢bTp9Ł~q;k9*W:7Ł<?eT5?9{5E<87X@9{z?B{b_;kFr7:fC g ;C7:e,®¢bMp;ZW
G5?j_>_;kF_@ge_bng5mWeM;ZWL5?;kF}a 9{@?F_<e}j5?9:7:F_@?92ﬃe_@;k9ﬀ~q;k9(Wo7P@?FT<EbMpFr7X@?97Xb-b_>nj_f=5E<@;kF1Wop ,@?9h ^ «527
5rWﬂ;kFyWo7Xb_>@M¶I ;kfv5?9o"KM7X@8V@?FGb WD@Ez¡t{\eT@!6g,b,@?9ﬂFT5?fZW8·¹G@8Vb_fAp_7:;=b_F_5?9:5?FTSG!@2V_;ZWX;=bFy;ZWo7c;kFLK-<;=@?F_<@Ert
NﬂFapFTS_5?@?Fm7X5 K<?;=@?Fm7:;=5E@ zMVb_fq  zF *© z\ ^-`¡ z_j_j¡  ´_[  `y´ﬃ5?9o@?9*Wﬂ>@2_z¡to 5>_;kFMuKb-<;=5?fk;ZW:7{WŁb_~
K<?;=@?Fm7:;ZWo7{W8·¹neTb WD@Wﬂ;=S_@&;WﬃeM;ZW:7Xb9:b_Fmt\NXFG5ESM;=<E5?f¡K<?;v@?F_<E@&¬bTp9XF_5?f zﬃ ^_[-«yz_F	   ©_zj_j¡q © `
 K¶KMGKWo7X5?FTS-Wﬃ~:b97:eT@9ﬂ;A7:;ZWXeKb-<?;v@87q ~:b_9Kb-<;=5?fMG@rWﬂjb_F-WD58s_;fk;A7q;kFK<?;=@?FT<E@Ez_~:bTpFTS_@ES ;kFd ^_´_^m¬2bW{@?j_e
Rﬀ@@ESMe_5?5SM9{@rW*WD@ES7:e_@K¡KMG K ªr7:e5?Fy;AV@9*W{58@E@27:;kFM;kFd ^_[_^_z58sbTp_7ceM;WﬃbMV@?@Fr7{Wﬃ;kF7:e_@ﬀ ^_©_ª-W2
K@E@!5?fZWDb,7:e_@!<e_5?jM7X@?9)«O g9ﬂ;A7q7X@FsMRﬀ@@ESMe_5?]ﬃ;kFGb WD@rWŁO? ^_[_´M]Dz-b_j¡M<;A7( z-5?FTS ¬2bW{@?j_e!RP@E@ESMeT5?z¡tﬂ³!F
H5mWo7X@?9ﬂF4ﬃ@9*Wﬂj@E<27:;AV@!b_F@rWo7X@?9XF ³!Fr7:;
(K-<;=@?F_<@Mt{z;F ¬2bW{@?j_eRﬀ@E@SMe_5?zﬃe_@ bMpf=S-WŁb_~U FTS_@?9*W:7X5?F_SM;kFy z






W{b_@d;kF_SM;v<E587:;=b_Fb~!ge_587,<EbMpf=S£s@ifk;k~:@u~:b9 j@bj_f=@g eTb-zJsM£5E<<?;=S_@?Fm7Xz<5?@i;kFm7Xb£7:eT@g,b9ﬂfvSh;kFH5rWo7 
HJp9Dbj@!<EbMpFr7:9X;=@rWge_@?9D@&fk;AV_;FMWo7X5?FTS_5?9{S-Wg,@?9{@&p$<?e f=bMg@97:e_5?F ;F7:e_@@rWo7(t2Xﬂ
³ W)RP@E@ESMeT5?z¶G5?j_>_;kFT@	F_@2V@?9cB{b;F_@ES7:eT@ﬀQJ46zﬃ5?F_S 5?fAg,58W!<?fv5?;k@ESu~:b95t*WXj_;k9ﬂ;A7qp$5fqt&OXb9@87:ey;=<E5?fk]
SM;k@?FWﬂ;=b_Fb~PeM;ZW <Eb_  ;C7:@?Fr7{WDz9{@?~:@9ﬂ;kFM17Xb¦K_j_;kFTblm55mWu5h¬2@8g;ZWXenj_eM;kfvb WDbj_eT@?92Z2)­p9ﬂ;kFMn7:eT@+ ^ ´
@?F_@9{5?f¡Wo7:9ﬂ;k>@!;kF 9ﬂ;A7X5?;F ge_@?FRP@E@ESMe_5 W:p_sWo7:;C7qp_7X@ES,7:9{5;kFPSM9ﬂ;AV@9*W¢bFWo7:9X;k>@ ¶G5?j_>_;kF_@y Ł@8_j_9D@rW*WD@ES eM;ZW
e_b_9ﬂ9{b_9 s@?ey;kF_Sh7:e_@i9X;ZWﬂ>W,b~5sTf=bb-Srw9{@8VbfCp_7:;=bF$ﬃNﬂ~&7:e_@i9DbT7q7X@?FW{b<?;=5?fWoWo7X@? Wﬂe_bMpf=Ss@d<?e_5FM@ES_z)e_@
9{@?~Zp¡WD@ES7:e_@Wo7:9{@5?ﬀWb~JsTf=bb-S¡·ﬃto7Xbd>_;kfkfﬃb_F_@ W~:@?fkfvbTg  s@;kFMd;W&FT@8V@?9cBop¡Wo7:;~q;=@ESt2-³<<Eb9DSM;kFM7XbﬀRP@E@ESMe_5z
G5?j_>_;kF_@deT5rW s@E@F5?fAg,58WWoy j587:eT@87:;=<i7Xb§7:e_@i9ﬂ;A7:;Wﬂe1t*W{<;=@?F_<@d5?F_S}WDb-<;=@87q$t bMV@?@Fr7{W2  2!@9ﬂF_5?fv WDz
Rﬀ@@ESMe_5?, W\5?F_SG5?j_>_;kFT@E Wﬃ9{b5ES-Wg;kfkf<?9{bW*WD@ES 5?Fm7:;k,@rW7:;kfkfﬃ ^`
³!~Z7X@?9&G5?j_>_;kF_@ W0S_@E587:e_z7qg,b@?,b9ﬂ;v5?fZW&g,@?9{@b_9ﬂ5?Fy;klm@ESd;kFi®¢b_F_S_b_F &Oﬂª_^ ª_©^_z¶sMwK_¸PK_]!5?FTS
465?9ﬂ;ZW nO ©2 ª^_zsM°³K¡. ﬂ]{zi527:e_@?9ﬂ;FM 7:eT@ ,5?;kF <?e_59{5E<87X@?9(W§7Xb s@ ,@87;kF bMp93W:7Xb9:_zub_~q~q;=<?;=5?f
 )K@E@I@FM9oIb_f=@?Fy9{@?FWﬂe_52gz¡t{\eT@ 5?>_;FMPb~c5?F,09{SM;F_5?9o,Ł5Eb;Wo7(t{z_;kF ;>Mpf=5rWŁŁ@?;=<?e GbMs@?9o7 bTpFyz
Q)e_5?Fy_;kFM 46@?9*WXj@E<87:;AV@rWﬃ;kF7:eT@I ;Wo7Xb_9ob_~ŁK<?;=@?FT<E@_·¹HW*WD58Wﬃ;kFI,bFTbTp9Łb_~¡¬2bW{@?j_eRﬀ@E@SMe_5? zM®¢b_F_S_b_F_z
 ^_[_©_zj¡k`EGb WD<Eb~q~¡;ZW\5&5?9ﬂ;kFT@s_;=b_f=b__;=<E5?fW:7X587:;=b_F ;kF9ﬂ;C7X5?Fr$












RP@E@ESMe_5+7Xb,G5?j_>_;kFT@!ª-« :ª-«  ´5?FTSG!5j_>_;kF_@7XbRﬀ@E@SMe_5?  [ ª-«  ´EG!5j_>_;kF_@!5?9D<?eM;AV@rW{zM465rWo7X@2p9
NﬂF-W:7:;A7qp_7X@M
  ﬃ¬2bW{@j_e!Rﬀ@@ESMe_5?¤;F	5?9ﬂjPO? ^-`_`m]{zb_j¡M<?;C7( z_j_j¡C^  ﬂ^¡










5?F_S bj@?Fy;kFMu7XbFT@8g <Eb_FMF_@<87:;=b_F-Wg ;A7:e bM7:e_@?9W{<?;=@Fr7:;ZW:7{W{z¶7:e_@9{@?f=527:;=bFWs@87qg,@E@?FPRﬀ@E@SMe_5? 5?F_SﬀG5?j_>_;kF_@
e_58V@&j_9{bMs58sTfA7:eT@&bWo7c;kFrV@?Fr7:;CV@!b_~bMp9)Wo7Xb_9o$
G_ﬃ' %)  B-.) /)ﬂ;< 24)$%0;<-.3)$%09B%)$" -8)&6<;<- ;A@ ;A-.3)$%09ﬂ?!3)&)$ ?4;<-.3)$6*%)$"i #$-.)$% C*µFE¡µI









@8V@F b_9{@ sM²;A7{W¤@?FT@?9{5?f<bFT<E@?jM7:;=b_F-W¨58sbMp_71;kFm7X@?fkf=@<87qp$5?f=z<8pfC7qp9{5?f5F_S WD<?;=@?Fm7:;k~q;=< ;Fr7X@?9ﬂFT587:;=b_F_5?f
<Ebbj@?9D587:;=b_F¡ﬃe_@	NXNﬂN{Q3g,5rW7:eT@	5;kFu<?e_5FMF_@f¶~:b_95E<87:;AVT;A7:;=@rW8·-9{@?Mpf=59,@E@87:;kFyW{z sb-b_>W{zc5?Frp$59ﬂ;=@rWOﬂ52sbMp_7




a¡9{@?FT<?e j_em-WX;=b_f=b_;Wo7{Wﬃ9{@Mpf=5?9ﬂfA,<?9{bW*WD@ES!Rﬀ@@ESMe_5?, W69{bTp_7X@T·¹}p9XﬀW{@?9ŁOX@rWﬂj@E<;=5?fkfA;kF eT@?fkj_;kFyW{<?;=@Fr7:;ZW:7{W
@rW{<5?j_;kFM~q9{b_1RP5?lE;ZWX ]Ł5?F_SI,@?FM9X;M®¢58p_;=@?9ŁOo~:b_9UF_@rWD<Eb]
  ¶ 5Frp¡W{<9ﬂ;kjM76b~®¢5?Fy@8V_;F_ W7X5?fk>;kF®¢5?FM@8VT;kF5?9D<?eM;AV@rW{zMHKT46Q)N ﬂQJIG1O [_^  _]{zM465?9ﬂ;ZWr³ W)WDb-b_F5rW
 ^_©_©_zT7qg,b,T@E59*WŁ5?~Z7X@?9ﬃey;ZWﬃ ;W*Wﬂ;vbF7XbPQ)eM;kFT5EzT®¢5FM@8VT;kF jMp_7c;kFr7Xbfk;k_em7JWDb,@&;=S_@E5rWgeM;v<?eg;kfkfMs@<Eb,@
~:5? ;kf;=5?9g;A7:e7:e_@ t2K<?;v@?Fr7:;k~q;v<!5?F_SQJpfA7qp9{5?fMI;ZW:7Xb9o,b_~  §5?FM>_;F_Stﬃj_9{b2B{@E<87·rFTbﬀ<8pfC7qp9{@!<E5?F@mW{<E5?j@&~q9Db
p_7qp$5?f_;kFy~qfAp$@?FT<E@rW*m7:e_@&j_fv5?F_@87c;ZWcs@E<Eb_ ;kFyWﬂ5?ff=@?9Ł5?FTSLWX5?fkfv@?9s@E<58p¡W{@!b_~7:e_@&F_@2g¤@E5F-WŁb_~
<Eb_ pFM;v<E587:;=b_F-TQ)eM;kFT5&;ZWŁ5?Ft{5SM ;k9{58sTf=@!<EbMpFr7:9o ·Mﬃe_@9{@&;ZWs@87qg@@?FQ)eM;kFT5!5?F_Sp¡WDz-5?FTS b9D@&@?F_@?9D5?fkfA
s@87qg,@E@?Fac5?9  H5rW:7Xz;kFT<?fAp$SM;kFyNﬂF_SM;=5z-5?FTSp¡Wﬃjb W(Wﬂ;AsT;kfk;A7:;v@rWŁb_~¶p_7qp$5?f@?FM9X;=<?eM,@?Fr7{Wt2
ﬃN{Qg,5rWﬃ,5?;kFMfC<Eb_ jbW{@ESb_~c5!Qb_  ;W*Wﬂ;vbFg;A7:ey;kF7:e_@®¢@5?Mp$@!b~RP587:;=b_F-WDzT7:eT@&NﬂFr7X@?9XF_587:;=b_F_5f
NﬂF-W:7:;A7qp_7X@&~:b_9ﬃNﬂFr7X@?ff=@E<87qp$5?fQbbj@9{587:;=b_FOoNﬂNXN{Q)]{z-5F_S7:e_@&NﬂFm7X@?9ﬂFT587:;=b_F_5?fMp9{@E52pﬀ~:b_9HSrp$<E587:;=b_Fy\eT@
Qb ;ZW*WX;=bFg5rW\<Ebjb WD@ESsMeM;k_e ;Fr7X@?fkfv@E<87qp$5?fZWDz W:p$<?e5rWc 5?9ﬂ;v@!Q¢p9X;=@!5?F_S ³!fAs@?9o7¡H¢;kF-W:7X@?;kF
 
¬2bW{@j_e!Rﬀ@@ESMe_5?,z¶K<?;=@F_<E@!5?FTS NﬂFr7X@?9XF_587:;=b_F_5fMG!@f=587:;=b_F-W zTf=5E<>Mg@?ff¡K-<;=@?Fr7:;~q;=<4¡p_s_fk;=<587:;=b_F-W{z&_~:b_9{S_z
 ^^_zj¡q  zMg ey;=<?e ;WŁ5&9{@8VT;ZW{@ESV@?9*Wﬂ;vbFb_~7:e_@ﬀ ^`!bTyf=@!Qb_FM~:@?9D@?F_<E@y-K@E@!5?fW{b,UF_@mW{<EbZ4c9{@?j¡
Qb vRﬀ587(K<?;qyQb    z8BopfCd ^´t{Ł5E<?e_@mWŁ@87c~:bFT<87:;=b_F-WŁS_@&fv5W{@E<87:;vbFS_@mW)W{<?;v@?F_<E@mW2t{z_j¡  ¡Kb,@
58p_7:e_b_9*WŁ59{@&b_9{@&;kF_Srpf@?Fr7·WD@E@9ﬂ;k_;A7q7X@ K<?ey9{b@ES_@?9 ﬂ&p$S_@?emp¡W{zM®¢@rW)W{<;=@?Fr7:;~q;=rp$@rWŁ@87cf=5&j5;A zM4c9{@rW*WD@rW
[\eT@NﬂFWo7:;A7qp_7X@ﬀg,5rW!7X@?9ﬂ9ﬂ;AsTfAw@?f;A7:;ZWo7Xz¢5?F_Sb W:7:fAw<Eb_F_<@?9ﬂF_@Sg;A7:ed1@rW:7X@?9ﬂF;kFm7X@?fkf=@E<27qp$5?fZW2¡1@rW:7X@?9ﬂF
<?;AVT;kfk;klm527:;=bFg,5rW7:eT@	bS_@?fq¡ﬃeM;W&eT5rW)s@E@Fu<?9ﬂ;A7:;=<;klm@ES;kFﬀ7:e_@d ^ ª-W)syﬀ5?FMFT@?9kB{@@?2qz¡;A7{WNﬂF_SM;v5?F@?s@?9·















NﬂFr7:9{bSrp$<?;kFy"®¢5?FM@2V_;kF ;kFr7Xb bTp9Wo7Xb_9o _;AV@rW7:e_@ g,58°7Xb"®ﬃp$<?;=@?F°ac@8sMVT9{@ g;A7:e|g eTb e_@
<Ebbj@?9D587X@ESg;A7:eM;F7:eT@ﬀQ)N2Kz¶7:e_@ut2K-@5?;kFT@rW!S_@uKMMFm7:e_@rWD@Mt!5?FTS7:e_@ G@8VMp$@PS_@KMyFr7:eT@rW{@ O? ^_©_ªM]ac@8syV_9{@
g5mW;kF<?e_59ﬂ@b~W{b<?;=5?f!WD<?;=@?FT<E@rWP5?FTS£®¢5?Fy@8V_;Fb~@85<87ﬀWD<?;=@?FT<E@rW)ﬃe_@ipFM;A7q§b~F_527qp9{5?f5?FTS}W{b<?;=5?f
W{<?;v@?F_<E@mW{z7Xb_@87:eT@?9 g ;A7:eh7:eT@<EbFT<E@?jM7:;=b_Fb_~	WD<?;=@?FT<E@5rW 7:e_@is5mWﬂ;ZW~:b_95i@?FT@?9{5?f¢;kFr7X@?ff=@E<87qp$5?fWoyFr7:eT@rWﬂ;ZWDz
g@9{@7:eT@7qg,b,5?;kFMp;=S_@ ofk;F_@rWPb_~ Q)N2K¡ﬃ!@9ﬂ9P5?F_SeM;ZWP<bfkfv@E5?Mp$@rWP@?Fy5?@ESh7:e_@@ESM;A7:;vbFb_~ 5d@?FT@?9{5?f
U Fy;AV@9*Wﬂ;A7X5;k9{@rWŁS_@ §bFm7:9{@E5?fvz\ ^_[-«Eacb_9ﬃe_@?9{zM7:e_@&NXNﬂN{QSM;=S F_bM7¶g,5?Fm7¶7XbP<Eb_F_<8p9ﬂ9D@?F_<E@7:eT@&NﬂFr7X@9ﬂF_587:;vbFT5?f
QbTpFT<?;kfb_~JK<?;v@?Fr7:;k~q;v<U Fy;=bFW{zMg ;C7:eg ey;=<?e5F5?_9{@E@@?Fr7¡g,5rWŁb_FMfAPWﬂ;_F_@ES ;kFd ^_©_[
2ﬃK<?eM9Db-@ES_@9 ﬂ&p$S_@?erp¡WŁO ^_[-«m]{z-b_j¡y<?;A7( z-<e ¸ﬀ
ﬂK@E@7:e_@&;ZW*WX;=bFT Wﬃ9{@?jb_9o7Xzﬃ ^_© zNﬂNXN{Q§jMp_sTfk;=<E527:;=bFW2

®¢ ³!FMFTYE@!S_@&f=5!Qb-b_jY?9{527:;=bFNﬂFr7X@?9XF_587:;=b_F_5f=@ zﬃ ^_© z-b_Frg,5?9{S-W-K@E@!5?fW{b,4ceT5? 7:;p$zT®¢5!QbbjY9{587:;=b_F
;kFr7X@fkf=@E<87qp$@fkf=@W{bMp¡Wﬃf=5 KM­Rﬀz ­9{bl¹z-@?F 2V@Ezﬃ ^_´ ¡






O? ^ «m]{zMg ;C7:e+®ﬃp$<?;=@?F®¢@2VM	 9eMfOX\eT@49X;k ;A7:;AV@!\eTbTp_em7 ]Ł5?F_SI,@?FM9X;M!@9ﬂ92
`eM;ZW:7Xb9:b_~)erp,5?FM>_;kFTS_z5?Fm_@5?9*Ws@?~:b_9{@,UF_@mW{<Eb W&j_9{b2B{@E<27(¡\ey;ZW&ey;ZWo7Xb_9oV5?fAp$@ESWD<?;=@?FT<E@Ez¶syp_7bFyfA 5rW
7:e_@&ey;k_e_@?9ﬃ;Fr7X@?fkfv@E<87qp$5?f5E<27:;AV_;A7qTzM7:e_@WDb ﬂ<5?fkf=@ES!9{@E@?> ;9{5E<?f=@&~:bMpF_SM;FMP5&F_@8g O HŁp9{bj@5?FM]Ł<?;CV_;kfk;lm587:;=b_F
K;_FM;k~q;=<587:;AV@fATz®¢5?FM@2V_;kF 5?fZWDb <Ebbj@?9D587X@ES g;A7:e|7:e_@3H¢F_<2_<f=bjYSM;=@+~q9{5?F E5?;ZWD@ z,5?F_5?@S¥sy
ac@8syV_9{@ Wﬂ;kFT<E@ ^_©_©_6g,bﬀbM7:e_@9Ł<?e_5?9D5E<87X@?9*W\b~cbMp9)Wo7Xb_9og,@?9{@!5bFy 7:e_@&5?;F<Eb_fkf=58sb9{527Xb9*W8·¹4658pfMG;AV@27





HJp9Db-<E@Fr7:9ﬂ;ZWX 7Xbb_9ﬂf=S VT;=@8gPW2c6g,bsT9{5?F_<e_@rWb_~>_F_bMg fv@ESM@	s@E<5?@<?f=bW{@9{z6®¢5FM@8VT;kFdbMV_;kFy~q9{b
W{<?;v@?F_<E@i7Xb}j_ey;kf=bW{b_j_erTz&5F_Shac@8sMVT9{@dbMV_;kFy3W:M@87:9ﬂ;=<5?fkfA$)Ł@?FhT@E5?9(WP5?~Z7X@?9{z;kF5?F_bM7:e_@9 ;kF-W:7:;A7qp_7:;=b_F_5?f
~q9{5?@z;kF5?FTbT7:eT@?9jbf;A7:;=<E5?f<Eb_Fr7X@2M7XzJRP@E@ESMeT5? 5?F_Shac@8syV_9{@dbMV@SWX;k ;kf=59ﬂfAb_F_@i7XbMg59{S-W 7:e_@dbM7:e_@9{z
_;AV_;FM s_;k9:7:e7Xbﬀ5&FT@8g+H¢F_<8T<?fvbj5E@SM;=<&j_9{b2B{@E<87Xz¡KQ¢I 1
_  %-8)$6 ; %2 %)$"5%67?!-.67'1309.->;<-.?!%09ﬂ?3)$)$ ?=;A-.3)$6DC*µFE	DµFE
0I
RﬀbMg ;ZW&7:eT@	7:;k@ﬀ~:b_9!¬2b_eMFi­,@rWﬂ,bFTS @?9XF_5?f=z4658pfG;AV@27!5F_Siac@ES_@?9X;=<ﬀ¬2b_fk;=bM7 ﬂQJp9ﬂ;=@	7XbB{b;FbTp9









 )K@?f=b_F@?F-WD58p$S_@ o¸;kFT<E@?Fr76O? ^-`y[M]Dz-b_j¡M<;A7( z-<?e$ﬀ
 @?9*Wﬂ>@2O? ^-`_`m]Dz-b_j¡M<;A7( zj_j¡  ©  ©_´
 @?9ﬂFT5?f=z_j_9{@?~:5E<E@7Xbc·¹4c;=@?9X9{@;=rp$5?9{S_zM4658pfM®¢5?FM@2V_;kFTz WD<?;=@?Fm7:;k~q;=rp$@EzYESrp$<E587X@2p9{z-<;A7XbTT@?F zT465?9X;ZW{z¡K@?_e_@?9(W{z
 ^_´_^_zj¡k«
  ¶;=rp$5?9{SO? ^_´_^M]Dz-b_j¡M<;A7( zj¡k«K-@@!5?fZW{b 7:e_@WXj@E@E<?eS_@fk;AV@9{@ESsM@?9ﬂF_5fM7Xb,7:e_@&,@?b_9ﬂ;=5?f_@@87:;kFM~:b_9
®¢5?FM@2V_;kFOq®¢bFTS_bFTz ©5?FTS  «  ª-« 2 ^[_zb9X5?FM;kl¹@ESsM7:e_@&³K<8zT7:eT@ K¸PKP5?F_S7:e_@aŁKMx]{zj_j¡q ´
 ^¹®¢5FM@8VT;kF5?9{<eM;AV@rW{zMH!KM46Q)N ﬂQJGIO? _    ´M]{zM4ﬃ59ﬂ;ZW2





5?F_S7:e_@ﬀ@~q~q;=<E5E<?;C7q b~)5l  5rWX>Wj_9{bTVT;=S_@ESﬀsMP7:e_@5?9ﬂ$cKTp$<eu5LWD<?;=@?Fm7:;k~q;=<@8Tj@?9o7:;ZWD@,fv@E5ESuQ0K_³& 7Xb
s@E<b@5?Fb_~q~q;=<?;=5fj5?9o7:FT@?9)~:b_9)bTV@?9ﬂFy@?Fr7X5f5?@F_<?;=@mW2MNﬂF 7:eT587XzQ!K_³&1+9{@~:@?9ﬂ9{@ES 7Xb	7:e_@ W{<?;v@?Fr7:;k~q;v<0j5?9:7






7:e_@+G@?jMp_s_fk;v<E5?F Wﬂ;=S_@y\eT@ t2Kb<?;=@87q ~:b9NﬂFm7X@?fkf=@<87qp$5?fﬀ®Ł;As@?9o7q$t9{@?f=58T@ES|ey;ZW5E<87:;vbFﬂ2P\eT@|t{Qb_ ;A7XY
b_F_SM;=5?f  ==t!b_9ﬂ5?Fy;klm@ESdOq4ﬃ59ﬂ;ZW{zJWD@?jM7X@?s@?9ﬀ ^_©_´M]5?Fu;kFr7X@?9XF_587:;=b_F_5fﬃ<Eb_FM~:@?9D@?F_<E@~:b9W{b_fk;=S_5?9X;A7qg ;C7:ehK_j5?;kFTz
~:b9geM;v<?e@?9ﬂFT5?fMg5mWŁ<?e_bW{@F5rWŁ<Eboj_9{YmWﬂ;=S_@?Fm7 2E®¢5?FM@2V_;kF ;Fr7:9{bSrp$<E@ES@?9ﬂFT5?fM7Xb,7:ey;ZWŁQb ;A7q7X@E@   2
n;A7:eubM7:e_@9&5mW*W{b<?;=527:;=bFW )5bFyﬀg ey;=<?e7:e_@0GbM_5fﬃKb-<?;v@87q \7:e_@³K<8 5?fZWDbeT@?fkj@ES	7Xb9{@E<@?;AV@
;kFﬀ9ﬂ;A7X5?;FﬀHJp9{b_j@E5?FdWD<?;=@?Fm7:;ZWo7{W~qfCM;FMu~q9{b¥~:5rW{<?;Wﬂ°@8Tj5?F-WX;=b_F_NﬂF	465?9X;ZW{z-G5?j_>_;kFT@~:bTpFTS_@ES	7:e_@Pt{Qb_ ;A7XY
S_ 5E<E<8p$@?;fŁS_@rW W{52V5?Fm7{WY87:9{5?Fy@?9*Wt0;F58pMp¡Wo7P ^_©zŁ@87bT7;kF7XbMp$<?eu;kF ^_©_[g ;C7:e7:eT@,9ﬂ;A7:;ZWXei³<5ES_@? ;=<
³ W*WX;ZWo7X5?FT<E@  (0I,@!5?fZW{b@87¡@?9ﬂFT5?fW{@8V@?9{5?fM7:;@rWﬃ;kF  ^_©-` :©_^ ~:b97:eT@rW{@!5<87:;=b_F-W 2
 
ﬃeM;ZWﬃfv@87q7X@?9ﬃ;ZWŁrp$bM7X@ESsMHŁIK p9ﬂe_b_jz¶t2K<?;v@?Fr7:;ZW:7{WŁ5?FTS4¡p_sTfk;=<&³!~q~:5?;k9(W2t{z_;kF 52p9ﬂ;=<E@!bfvS-Wﬂ ;A7:e
³!f=5?F §5E< 58Tz\eT@ K<?;=@?FT<E@!b~ŁK<?;=@F_<E@ zM®¢b_F_S_b_F_z¡K-bMp_V@FM;k94c9{@rW(W{zﬃ ^_´zj¡C©¡E b_eM9Ł5?FTS1bb W:7X@?9
g@9{@!5E<87:;AV@&@?s@?9*WŁb_~¡³K<8¤
 @?9*Wﬂ>@2O? ^-`_`m]Dz-b_j¡M<;A7( zj_j¡  ©  ©_´














O g;A7:eM;kFd7:eT@L9ﬂ;A7:;Wﬂe³ W*WDb-<?;v587:;=b_F~:b_9!7:e_@³SrV5?FT<E@?@?Fm7b_~ K<?;=@F_<E@ !e_@9{@E5?~Z7X@?9!­LKN:G K ³!³K_]b9{zﬃ;kF5
g52_zmRP587qp9{@ z_;kF9ﬂ;A7X5;kFﬃb_9ŁQ¸Nﬂ³5?FTStﬂ¬@8pF_@ K<?;v@?F_<E@yt\;Fa¡9{5?FT<E@M
M 1%09.%-86D"$ 98%,?3@ B 2;<   C*µFE0I _ @$->9."$-8)  6	?-. )ﬂ;<->5-8? -.)$6 ;A- ;<@ﬂ;<-83)&6  B?-8 )ﬂ;<-.6	' %)$"  24)$%09.-867'
RﬀbMgz7:e_@ j_erT<?;Wﬂ;ZW:7J4c;=@?9X9{@ ³&p@?95?F_S¬ECQ)9{bMg7:eT@?95?>@7:e_@?;9)~q;k9*W:7¢5?j_j@E5?9{5F_<E@;FbMp9&Wo7Xb_9oTz
g eT@?9{@ !@9ﬂF_5?f65?F_S®¢5?FM@8VT;kF 5?9{@W:7X5?F_SM;FMu;kF~q9{b_Fr7(a 9{@?F_<eu5?F_Sﬀ9ﬂ;A7:;ZWXedW{<?;=@Fr7:;ZW:7{W5E<87X@ESdWﬂ;kpfA7X5?F_@bTp¡WXfA





bS_@?9ﬂF 9{587:;=b_F_5?f;ZWﬂ d³&7n7:eM;ZW¨b<E<E5rWX;=bFTz5|f=5?9ﬂ@"W{<;=@?Fr7:;~q;=<°<EbFy~:@?9{@?FT<E@Ezdg ;A7:e ,5?Fr SM;ZW{<?;j_fk;kF_59o
<Eb_FM_9{@rW(W{@rWDzg,5rWPb_9ﬂ5?FM;lm@ESJ³!,bFyh7:e_@d!~q~q;=<?;=5fQb ;A7q7X@E@EzJg,@i~:bTpFTS®¢5?FM@2V_;kFTz¬Ł5?F_S4¢46@?9ﬂ9ﬂ;kFTz
}p9XﬀW{@?9Dz&³&p@?95?FTS§aŁ)¬bfk;vbT7 ﬂQJp9ﬂ;v@MﬃRﬀ@@ESMe_5? ~:b97:e_@ds_;=b_f=b_Mx<EbFy_9{@rW(W  ﬂz)@?9ﬂF_5f&5F_SQ9DbTg7:e_@?9
g@9{@5?b_FM;kFrVT;A7X@ESh&9X;A7:;ZWﬂeW{<?;v@?Fr7:;ZW:7{W2ﬃ³¯tﬂb_Fr7:ew~:b9 ;Fr7X@?fkfv@E<87qp$5?f<b-b_j@?9{587:;vbF$tg5rW,5?fZWDb}b_9ﬂ5?Fy;klm@ES¡·
@E@87:;FMub_~7:e_@ﬀt2Kb<?;=@87qLb_~ ;kFTS-W2t{z¡<Eb_FM~:@?9{@F_<E@ b_~ﬃF_527:;=bFT5?f$<Eb ;ZW*WX;=b_F-WŁ~:b9Ł;kFm7X@?fkf=@E<27qp$5?f<b ﬂb_j@?9{527:;=bFTz
@87X<M
49Dbj5?5F_S_5	~:b_9WD<?;=@?FT<E@,g,5rW7:e_@5?;kF7X5rWﬂ>b~J7:eT@,G587:;=b_F_5fk;ZWo7¢U Fy;=bF {zﬃ5bTV@?@?Fm7)7Xbig ey;=<?e
®¢5?FM@2V_;kFu5?FTSL@?9XF_5?f¡j5?9o7:;v<?;kj587X@ES_®¢5?FM@2V_;kFﬀg,5rW)7XbdS_@?f;AV@?9Ł7:eM9{@E@<EbFy~:@?9{@?FT<E@rW¢;kFh ^_©_^ﬀ~:b_9J7:e_@!U Fy;=bFTz
7:e_@!~q;k9*W:7ﬃe_52V_;kFyﬀ~:b_9)Wop_s2BD@E<87¢tﬂ9{@?f=527:;=bFWs@27qg@E@FﬀW{<?;v@?F_<E@!5F_S @?F_@9{5?f5E<87:;CV_;A7:;=@mW2t2EI@s@?5?FsyﬀWD58y;kFM 7:e_527
e_@)Bop¡W:7)9{@<E@?;AV@ESto7:eT@s@E58p_7:;~Zpf5F_S	Vb_fAp ;F_bMp¡WJsbb_>~q9{b¥P~q9ﬂ;=@?FTS	!@9ﬂF_5?f -O( = ])N&W:7X5?9o7X@ESﬀ9D@E5ESM;kFy;A7Xz
5?F_Sﬀ;C7Łf=b-b_>@ESiWDb;kjb9o7X5Fr7ﬃ7Xbﬀ@&7:e_5876NJeT@?f=S~:b9ﬃs_9ﬂ;FM_;kFy	TbTp9¢587q7X@?Fm7:;=b_F,7Xbﬀ;C7(MNJ~:bMpF_S;A7{WŁ;kFr7:9Db-Srp$<87:;vbF
  @?9*Wﬂ>@2O? ^-`_`m]Dz-b_j¡M<;A7( zj_j¡  ©_[  `EaŁm¬2b_fk;=bM7 ﬂQJp9ﬂ;=@B{b_;kF_@SKMa¡ND+O*Kb<?;=5?fk;Wo7¡465?9o7qy]ﬃ;kFd ^_©zM7:e_@
f=@?~Z7c;A7c;kFd ^_©_´s@E<E58p¡WD@!b~7:e_@465?9:7q_ Wﬃ9D@?~Zp¡W{5?fb_~c5?F ;kFm7X@?9oV@?Fr7:;=b_F ;kFLKj5;kFEI@BDb;kFT@ES7:e_@!Qb_ pFM;Wo7
465?9o7q;kFd ^ ¡K-@@4;v@?9ﬂ9{@;=rp$5?9DS_z¬bfk;vbT7 ﬂQJp9ﬂ;v@ z¶K@?_eT@?9*WDzT465?9ﬂ;W{zﬃ ^_´ m
  RP@E@ESMe_55?9{<?ey;AV@rW\O I© qI©_]2K@E@!5?fZWDb,@?FW{58p$S_@ :¸;kFT<E@?Fm7ﬃO ^-`y[M]{z-b_j¡y<?;A7( z-<eﬀ
 
acbMpF_S_@ES ;kF  ^_©_ªsyI,@?Fy9ﬂ;MGb@?9DzTH¢9ﬂF_@mWo7 5?e_5F_@!@87¡I,@?FM9ﬂ;M®¢52p_;=@?92E®¢5?FM@2V_;kF eT5rWs@E@?F7:eT@












!@9ﬂF_5?fcb_~Z7X@?Fu<?f=5;k@ES~:b9!WXe_5?9ﬂ;FM7:e_@ﬀW{5?,@,;vS_@E5rW5rW)®¢5?Fy@8V_;F  ·tﬂ³ W~:59&5mW&W{b<?;=5f;k j_fk;v<E587:;=b_F-W
b~¢bMp9Jgb_9ﬂ>ﬀg,@?9{@ <bFT<E@?9ﬂFT@ES_z-®¢5?FM@8VT;kF5F_SﬀN)~:b_fkf=bMg@Sﬀ;=S_@?Fr7:;v<E5?f9{b5ES-WDz¶5F_SﬀN5?fCg58W¢9{@?@?s@?9{@SﬀeM;ZW
gb_9{S-W8· ;k~Łg@P5?9{@	FTbT7S_b;kFybMp9W{<;=@?Fr7:;~q;=<,g,b9X>zJW{b_@8sbSr @?fZWD@,g;kfkfcS_bi;A7XzsMp_7¢;k~ﬃg@ F_@_f=@E<87¢jbf;A7:;=<E5?f
5E<87:;=b_F_z)W{bb_FhW{<?;v@?F_<E@	g;kfkfŁSM;W{5?j_j@E592t2 ®¢5FM@8VT;kFde_5mW&s@E@Fdf=b_FM>_F_bMg Fu;kF9ﬂ;A7X5?;kFTzJWﬂ;kFT<E@	eT@,g,b9X>@ESi;kF
7:e_@wQ52V@?FTSM;ZWﬂef=58sb9{527Xb9ox527 7:e_@w@?F_Snb_~7:eT@3 ^r7:ex<E@?Fr7qp9:JI;ZWuW{<?;v@?Fr7:;k~q;v<9{@rW:pfA7{W s@;kFM~:5?bMp¡W{zeM;ZW
9ﬂ;A7:;ZWXed<Eb_fkf=@5?Mp$@rWg@?9D@ﬀ587q7X@?Fm7:;AV@ 7XbieM;W!W{b<?;=5?fc5?FTSjb_fk;A7:;=<5?fc<Eb ;A7:@?Fm7{W2_®¢5?FM@8VT;kF_ W;kFy~qfAp$@?FT<E@pjbF
@?9ﬂF_5ftog,5rWPS_@E<;ZWﬂ;AV@MJN:7g,5rWP5<Eb_F-Wﬂ;vS_@?9{58sTf=@de_@?fkjh7XbnW{@@Wop$<?e£5iF_bM7Xb_9ﬂ;=bMp¡W5?FTSh~:5?bMp¡WﬀW{<;=@?Fr7:;Wo7!7Xb
@8_j_9D@rW*WuW{b1S_@?~q;kFy;A7X@§WDb-<;=5?f&;vS_@E5rWLO*=  ]2J®¢5FM@8VT;kF_ W;=S_@E5mW s@E<E5@dj_9{b_9D@rW*WX;AV@?fC5d587:e_@9ﬂ;kFMjb_;kFr7~:b9




7:e_@i E«  _  2 ^`$·M!@9ﬂF_5?fg5rWŁ7:e_@ b_FMfCﬀ~:b_9{@?;_FiW{<;=@?Fr7:;Wo7ﬃ7Xbﬀ7X5?fk>ﬀ7:e_@9{@MM@rWﬂ;=S_@mW{z¡5?F_bM7:e_@9<Eb_fkf=brp;Ap g,5rW
e_@?fvSi;kF7:e_@it{Qb_fkf=@?@PS_@,a¡9D5?F_<E@yt{zﬃ58sbMp_7)7:e_@Pb9X5?FM;kl¹587:;=b_Fdb_~&W{<;=@?Fr7:;~q;=<	9{@mW{@E5?9D<?e   (-!@9ﬂF_5?f¡j_9{@mWﬂ;=S_@ESﬀ7:e_@
  ŁQbFy~:@?9{@?FT<E@&5?Fmp¡W{<?9X;kjM7(¹®¢5FM@8VT;kF5?9{<eM;AV@rW{zMH!KM46Q)N ﬂQJGIO? [_^ E«m]{zM4ﬃ59ﬂ;ZW2E@?9ﬂFT5?f= WKb-<;=5?fMapFT<87:;=b_F
b~ŁK<?;=@F_<E@ O? ^_©_^M]ﬃeT5rWﬃFT@8V@?9s@E@?F7:9D5?F-WXf=587X@ES ;kF ~q9D@?F_<?eTzTgeM;v<?e ;ZWŁ5W:7:9{b_FMfk;k ;C7~:b_97:e_@&;FM~qfAp$@?FT<E@@?9ﬂFT5?f
5?F_S ey;ZWﬃ~q9ﬂ;=@F_S-WŁ<?fv5?;k@ES7Xbe_58V@&e_5ES ;kFa 9{5?F_<@M¹465rW(W{5?@mWﬃ~q9{b_+7:e_@7:9{5?FWﬂf=527:;=bF,O sM®¢5?FM@2V_;kF ey;kﬀWD@?fk~q]Łb_~
7:e_@&;kFm7:9{bSrp$<87:;=b_F e_58V@s@E@F jMp_s_fk;Wﬂe_@S,;FQ5?eM;=@9*Wﬃ9{587:;vbFT5?fk;ZW:7X@rW F	([-«yz\ ^_©_^_z_j_j¡q _  ? ©¡E®¢5?FM@8VT;kF
7:9{5?FWﬂf=587X@!5fZW{bP5?F_bM7:e_@?9@?9XF_5?f= Wﬃj5j@?9{z¡to®¢5 K-<;=@?F_<@!@87cf=@W{b_9o76S_@rWﬃeTb ,@rW2t{z_;kF®¢546@?FW{YE@ z_F	2«yz
b-<27XbTsT9{@ ﬂS_@E<@?s_9D@ﬀ ^«yzj_j¡q   ^? © ¡
 2¬2@5?F a 9{5?F  b;ZWc4;v<E5?9{S_zM®¢5GY?jMp_s_fk;vrp$@!S_@rW)W{52V5?Fm7{W2E®¢5&9{@E<?eT@?9{<?eT@&~q9{5?F  5?;ZW{@!@27fv@!Q\R GK zT465?9ﬂ;W{z
a¡f=5?5?9ﬂ;=b_F_zﬃ ^_^_ª









HM)B?-. )ﬂ;<->5-8? ' 3 $->9.-867%0;<-83)532  %2 %)$":)&%0;A-.3)$%09ﬂ@$)$- ; C(µFEE	{µFE H0I 
\eT@Wo7X5?@ b~bMp9ﬀWo7Xb_9owbMV@rWF_bMg 7Xbh®¢b_F_S_b_F_z5?F_Sh,b9{@uj_9{@E<?;ZWD@?fA7Xb5ht{SM;kFM;FM<?fAp_s t{z\7:e_@
t{JbM7{Ww5?FTS&p$bT7{Wt   {z;kF+g ey;=<?e|WX;kF_<E@}7:eT@  ^_©_ª-WDziKb_fkfAﬃp$<?>@?9ﬂ,5?F+587:eT@?9{@ES¦WDb,@§7qg@Fr7q1TbTpFy
W{<?;v@?Fr7:;ZW:7{WŁ~q9{b¤V59ﬂ;=bMp¡WJ;vS_@Ebfvb_;=<5?f-eTb9X;klmb_F-W{zct{5,W:7:;kpf=587:;FMiWDb-<;=@87q~:b9Ł@8<?e_5FM_;kFyWD<?;=@?Fm7:;k~q;=<&;=S_@5rWŁ5?FTS
F_@8gPW{z$5?F_SPS_@E@?j@?Fy;kFMuW{<?;=@Fr7:;k~q;=<!~q9ﬂ;=@F_S-Wﬂey;kj¡t   2m³!b_FMMp$@rW:7{W·¹@?9ﬂFT5?f=zQ)9{bTg7:e_@9{zT5ES_SM;kFyM7XbFTz-@27X<MMﬃe_@





j@?9ﬂ5F_@?Fm7Ł;kFrVT;A7X587:;=b_F	7Xbﬀ7:e_@ Q)fAp_s ³ W&to7:eT@5Fr_;v@87qP5?b_FM7:e_@&TbTpFy@?9WD<?;=@?Fm7:;ZWo7{Wﬃg,5rW¢@8V@F	_9D@E587X@?92t   {z
Q)9{bTg7:e_@9J;ZW¢W{@?Fm7¶7Xb 465?9ﬂ;ZW7XbP<Eb_F-Wo7:;C7qp_7X@!5&9X;A7:;ZWﬂe	 a¡9{@F_<?eﬀWD<?;=@?Fm7:;k~q;=<!<Ebﬂb_j@?9{587:;vbF<b ;A7q7X@E@Mm³&7¡7:e_@7qp9ﬂF
b~³!j_9ﬂ;kf ^ªhQ)9{bMg7:eT@?9@87!;F465?9X;ZW!7:e_@¬2b_fk;=bM7 ﬂQJp9ﬂ;=@rWDz\®¢5?FM@2V_;kFTz\aŁ¶46@?9ﬂ9X;kF_z\®¢52p_;=@?9{zﬃ³&p@?92==ﬃe_@
³!FM_f=b a¡9D@?F_<?e Kb-<?;v@87qLb~K<?;=@F_<E@rWŁg5mWJ7:e_@Fﬀ~:bMpF_S_@ES5?FTSﬀ<Eb_ j_f=@27X@ESﬀ587\Q)9{bTg7:e_@9{ WJ9D@87qp9ﬂF 7Xb	®¢bFTS_bF$
­ ;9{5E<5?F_S aŁM¬2b_fk;=bM7 ﬂQJp9ﬂ;=@g,@?9{@!<b oj_9D@rWﬂ;=S_@Fr7{W{zQ)9{bMg7:eT@?9Ł5?F_S ³&p@?9ﬃ@F_@?9{5fW{@E<?9D@87X5?9ﬂ;=@mW*T5?F_S®¢5?Fy@8V_;kFTz
®¢58p_;=@?9Dz\G5?j_>_;kF_@z6aŁ46@?9ﬂ9ﬂ;F_z}p9ﬂPW{@?9{zﬃN2¡¬2b_fk;=bM7 ﬂQJp9ﬂ;=@Ez@?9ﬂFT5?f=zI5?fvS_5?F_@Ezf=5E<?>@27q7Xz	ﬃp$<?>@9ﬂ5?Fig,@?9{@
5?b_FM<Eb_  ;C7q7X@E@i@?s@?9*W  24cerWﬂ;v<?;ZWo7{W~q9{b_ sbM7:eWﬂ;=S_@rW!g,@?9{@uS_b;kF_5?Fm7Xz\g;A7:ew5~:@8g j_emWﬂ;=b_f=b__;ZWo7{W
s_9{bMp_er7sMwG5?j_>_;kF_@zsMp_7F_@;A7:e_@?9RP@E@ESMeT5?¯F_b_9,Ip__fv@8nWD@E@?@ESh7Xb}eT58V@dj5?9o7:;v<?;kj587X@ES_z5?FTSI5f=S_5?F_@
B{b_;kF_@ESdf=527X@?92!@9ﬂF_5?fﬃj_9D@rW{@?Fm7X@ESi7:eM;ZWW{b<?;=@87q5rW5ﬀ9{@mWopfA7b_~7:eT@	g ;fkfŁb~toTbMpFMhWD<?;=@?Fm7:;ZWo7{Wg eTbis@?5?F7Xb







   ﬃQﬃR,GK g5mWﬃ~:bTpFTS_@ES ;kFb<87XbMs@?9! ^_©_^5?FTS	5mW*Wop,@ES5?fkfM7X5rWX>Wﬃ~:b9)WD<?;=@?Fm7:;k~q;=<&bMs_;fk;ZW{527:;=bFTz-5mWŁS_@?~q;kFT@ES ;kF
BopfA  ^_©-`5?F_S j_9{@E<@ES_@?Fr7:fC5rW(Wop@Ssy7:eT@ toI52p_7ﬃQb_ ;A7XY!S_@!Qbb9{SM;F_587:;=b_FtgeM;=<e ¬EE46@?9ﬂ9ﬂ;kFj_9{@rWﬂ;vS_@ES
K@E@4c;=<E5?9{SO? ^_^_ªM]Dz-b_j¡M<;A7( zj_j¡C[ %` ¡





BopF_@W:7Xbj_j@S7:eT@!5E<87:;=b_Fb_~7:e_@&³!FM_fvb  a 9{@?F_<eKb-<?;v@87q$
49Db~:@rW(Wﬂ;=b_F_5f¡<Eb_FMF_@<87:;=b_F-WJsT9{bMp_er7Ł¬2b_fk;=bM7 ﬂQJp9ﬂ;=@ W<Eb_fkf=58sb9{527Xb9*WDz-I5?fCs5?FP5?FTS bMg5?9(Wﬂ>_;=z7Xbﬀfv@E58V@
a¡9{5?FT<E@d~:b9 ®¢b_F_S_b_FbFh7:eT@n E`E7:eb~ﬃBopFT@EzJg ;C7:e7:e_@a¡9{@?FT<?eheT@E58VMg,587X@?9ﬀW:7Xb-<>W2+®¢58p_;=@?9,5?F_SbM7:e_@?9
W{<?;v@?Fr7:;ZW:7{W}WDbTp_em79{@?~Zp@1;kF¤®¢bFTS_bF$p_75?~Z7X@?9d7:eT@³!Fy_f=b a¡9{@?FT<?e¤F_52V5?f s527q7:f=@1b~ @?9(W ﬂ@?f  @8s_;9{z
G5?j_>_;kF_@5?FTSL®¢52p_;=@?9f=@?~Z7ﬃ®¢b_F_S_b_Fﬀ~:b_9J7:e_@!UK_³Mn;C7:e	7:e_@e_@?fkjub_~®¢58p_;=@9)~:b9W{b_@b_Fr7:eW{z¡5?F_S	g;A7:e
~ZpF_SM;kFyW~q9{b_ 7:eT@G!b<?>@?~:@fkf=@?9)acbMpF_S_587:;vbFTz G5?j_>_;kFT@,eT@?fkj@ESﬀ7XbWD58V@ ª~q9{b|7:eT@L«y[ﬀa¡9{@F_<?edWD<?;=@?Fm7:;ZWo7{W
g eTbg,@?9{@<Eb_F-WX;=S_@?9{@Sxs@?;kFy3;F1S_5?FM@9 o2t{\eT@h_9{@E587P~q;kMp9D@7:e_587P@@?9ﬂ@ES;kF§7:eT587 7:;k,@g,5rW	®¢bMp;ZW
G5?j_>_;kF_@yt  2m³3~:@2g¤b_Fr7:eWs@?~:b_9{@­, ­58TzM7:e_@9ﬂ;A7:;Wﬂeqa¡9{@?FT<?eﬀWo7X5@&9{@8V_;CV@ESg;A7:e7:e_@WD5?@!<?eT5?9{5E<27X@?9*W2





465?9ﬂ;ZW 7XbnS_@fk;AV@9ﬀ<bFy~:@?9{@?FT<E@rW  	Oq­ ;k9D5E<de_5rW s@E@?Fh7:e_@d~q;k9(Wo7f=@E<87qp9{@9ﬀ5F_SQ9DbTg7:e_@?97:e_@WD@E<Eb_F_Sb_F_@Ez);kF
S_@E<E@?s@?9! ^«m]ﬃ~:b_9ﬃ9{5?;ZWX;kFM 7:eT@!5E<E5ES_@?;=<&f=@8V@?fb~a¡9D@?F_<?ePW{<?;=@Fr7:;ZW:7{WŁ@?@?9X_;kFM~q9{b_¤;ZW{b_f=587:;vbF$
­p9ﬂ;FMWop ,@?9 ^z6a\¶¬bfk;vbT7 ﬂQJp9ﬂ;v@ﬀj_fk;=@ES5?5?;Fis@87qg,@E@?F465?9ﬂ;ZW5?FTS®¢bFTS_bFTzﬃ5?F_S Q9DbTg7:e_@?9
7:9ﬂ;=@ESﬀ7Xbi9{@2V_;AV@7:eT@³!FM_fvb  a 9{@?F_<edKb-<;=@87qTz-g ey;=<?eﬀeT@?f=Sﬀ;A7{W¢~q;k9*W:7¢<EbFy~:@?9{@?FT<E@ ¢;kF	®¢b_F_S_b_FOABD5?Frp$5?9:h ^«m]
g ;C7:eﬀG!5j_>_;kF_@Ez¡³&p@?9{zaŁ@87¢N2¬2b_fk;=bM7 ﬂQJp9ﬂ;=@EzaŁ46@?9ﬂ9X;kF_z!@9ﬂF_5?fvz I,5?f=S_5?FT@Ez-&fv5E<?>@87q7Xz¡Q)9{bMg7:eT@?9{z¡@87X<MMp_7Xz
5rW!5Frb~!Wop$<ed³!FM_f=b a¡9D@?F_<?ewW{b<?;=@87:;=@mW!f=58pFT<?e_@ESig;A7:ei7:eT@@?Fr7:eTbTp¡WX;=5rWﬂ b_~)7:e_@@?FTSdb_~J7:e_@ g5?9Dz¶7:eM;ZW
Kb-<?;v@87qdeT5ESdF_b~Zp_7qp9{@MG!5j_>_;kF_@	g,@?Fr7S_@?~q;FM;A7X@?fCis5E<?>d7Xb465?9ﬂ;W5877:e_@@?FTSb~ ^«7Xb<?9{@E587X@eM;ZWbMg F
f=58sb9{527Xb9o587465rWo7X@2p9!NﬂF-W:7:;A7qp_7X@M¡³!~Z7X@?9!e_58VT;kFMwbMsM7X5?;F_@ESd~q9{b_ Gb<?>@?~:@?fkfv@?9acbMpF_S_527:;=bF 5ﬀ©-«yª_z=ª_ª_ª _;~Z7
~:b9!7:e_@ﬀ9D@E<Eb_F-Wo7:9:p$<87:;=b_Fb~QﬃR G KzG5?j_>_;kF_@<bFT<E@?Fr7:9D587X@ESipjbF eM;ZW!j_9Db~:@rW(Wﬂ;=b_F_5fŁ5E<87:;AVT;A7:;=@rW  2aŁ¶¬bf;=bT7 
oŁ&s_;A7qp$5?9:b_~®¢bTp;ZWcG!5j_>_;kF_@&;kFRﬀ587qp9D@ zF r ^ zMsM,Q)9{bTg7:e_@9
 ŁQ)9{bMg7:eT@?9ŁO? ^_[_ªM]{zbj¡C<?;C7( z_j¡  ﬃ E`
  ﬃ;AsT;=S_zj_j¡  ﬃ     
 
;AsT;=S_zj_j¡  ´  [_ª
 ﬃ;AsT;=S_zj_j¡  ´    ´ 










M 1@ﬂ;;<-.)   %)      -.)/)$ ?!3 C(µFE  {µFE H0I  
¬%pfk;=5F,Ip__fv@8;ZWﬃ7:e_@!f=5rW:7Łb_F_@&7Xb&B{b_;kFPbTp9¢<Eb_ j5?Fr	5?F_Se_@ Wo7X58Wﬃ;kF~q9{bFm7cfk;kF_@g;A7:e!RP@E@ESMeT5?5?FTS
ac@8syV_9{@7:;kffM7:e_@!@?FTS	b_~cbTp9)W:7Xb9:
!@27qg@E@F  ^© 5?F_S  ^«yzhRP@E@ESMe_5 jMp_s_fk;ZWXe_@ES 7:ey9{@E@"@?,b9{5F_S_5 52sbMp_7+;Fr7X@?9ﬂFT587:;=b_F_5?f
W{<?;v@?Fr7:;k~q;v<<Eb Xbj@?9D587:;=b_F_zg ey;=<?edeT@ﬀe_5ESi7:e_@b_j_jb_9o7qpFM;A7qu7XbjMp_7;kFm7Xbj_9{5<87:;=<E@	g;A7:ei7:eT@iW{<?;=@F_<E@SM;AVT;ZWﬂ;vbF







pFM;=b_F-W¢;A7{W{@fAV@rWmRﬀ@E@SMe_5?|j_9DbjbW{@ES~:b9ﬃ7:e_@!~q;k9*W:77:;k,@7Xbﬀ;kFT<?fAp$S_@5?FP K-;kF U!R HQ+;kFWDb@!f=@87q7X@9*W Łe_@
  ¶;=rp$5?9{SO? ^_´ 2]Dz-b_j¡M<;A7( zj¡k`_«y\eT@!b9ﬂ;v@?Fr7X587:;vbFg,5rW7:eT@W{5?,@!5rWﬃ;kFd ^_©_^¡·_W{<?;=@Fr7:;k~q;=<&9D@rW{@E59{<?e ;ZWc7:e_@




j_9{b<E@E@ESM;kFyWŁb_~ 7:eT@!GKŁ  Qb_FM~:@?9D@?F_<E@ t{g,@?Fr7:;=@27:eQ@?Fr7qp9oLK<?;=@?FT<E@rW8·¹@8TbFTS7:eT@ @87:9Dbjb_fk;ZWt
OﬂQb-b_9{SM;kFT587:;=b_F¡·¹Gb_f=5?FTS5E5rW:7:]
  @b9D5?F_Srp¤N{zQ)erpFy_>_;kFMz_¬%pfA  ^c·-t{!F5?F NXFr7X@?9ﬂFT587:;=b_F_5?f¡K<?;v@?F_<E@!Qbbj@9{587:;=b_FK@?9oVT;=<E@Mt 
 @?,b9{5F_Srp¤NﬂN{zM®¢b_F_S_b_F_zM­@E<@?s@9! ^c·-to @E5mWop9{@rW6~:b97:eT@!09ﬂ5FM;klm527:;=bF,b~¡NﬂFm7X@?9ﬂF_527:;=bFT5?f
Qb-b_j@?9{587:;vbF ;FK<?;=@?FT<E@&;kF7:eT@4ﬃbWo7 q15?946@?9X;=b-St{z5ES_SM9{@mW*W{@S¨7Xb 7:e_@9ﬂ;A7:;ZWXe465?9ﬂfk;v5?@?Fm7X5?9o,5?F_S
K<?;=@?Fm7:;k~q;=<!Qb ;A7q7X@E@ ¶ §@?b_9{5?F_Srp¤NXNﬂN{zM15rWXeM;kFyM7XbFTz\ E«! §5?9{<?ed ^«yz_9{@8VT;ZW{@S	Q)empFM_>_;kFyz `³!j_9ﬂ;kf




ﬂ¡RP@E@ESMe_5O ^M]{zbj¡y<?;A7( z_j¡  ﬃ m
¡RP@E@ESMe_55?9{<?ey;AV@rW\O ­ﬀ`yzM­,^_zT­  ªM]2Ea¡;k9*W:7¶V@?9*WX;=bF;ZWﬃ;kF­  ª @?~:58p_V@9ﬃe_5rW7:eT@&9{@rWXjbFWﬂ;AsT;kfk;A7q~:b97:eT@
U!R HQ1j_9{b2B{@E<87(
 E«
W{@?Fm7P587 7:eT@h@?FTSnb_~ ~:@8s_9:p$5?9o ^«w~q9{b 7:eT@ ULK_³zs@?~:b9D@fv@E58V_;FMxbF59{<?e¤ ^~:b9PQ)eM;kFT5MJ³!,bFy
5ES_S_@rW(W{@E@rWﬃg,@?9{@&Im­5?fv@EzTa\r¬bfk;vbT7 ﬂQJp9ﬂ;v@Ez @~:58p_V@?9Dz-@87X<y¹I,@g 9DbT7X@7:eT@?F7:e_@&~q;9*Wo7ŁWﬂeTb9:7ﬃSM9D5?~Z76b~¡eM;W7:eM;k9DS
@?b_9{5?FTSrpzb_F5?9{<?e E«_Q)³& wHxbFyfAP<?9{@587X@ESﬀ5WD<?;=@?FT<E@!<Eb_  ;ZW(Wﬂ;=b_F_zMge_bW{@&@?FT@?9{5?fWD@E<?9{@87X59og,5rW
Q)9{bTg7:e_@92¸ 59ﬂ;=bMp¡W!Q)³& hH3<Eb ;ZW*WX;=b_Fub9j_f=@?FT5?9oL@E@87:;kFyW   9{@~Zp¡W{@ESﬀ7:eM;ZW KMSrp9X;kFMWﬂj_9ﬂ;FM ^«yz5rW
g@fkf)5mW07:eT@K5?Fda¡9D5?F_<?;W{<Eb<Eb_FM~:@9{@?F_<@M¶a¡9{b_²Qey;kF_5;kFw5?j_9ﬂ;f)5?FTS521 ^«yzRP@E@ESMe_5 WD@?Fr77:e_@~q;kF_5?f
V@?9(Wﬂ;=b_Fb_~!eM;ZW!7:ey;k9{S,@?b_9{5?F_Srp 7XbherpFTSM9{@ES-Wb_~W{<;=@?Fr7:;Wo7{W5?F_Sjbf;A7:;=<?;=5F-W!7:eM9{bMp_ew<Eb_9ﬂ9{@rWXjbFTS_@?Fr7{W
fk;k>@uQ)9{bTg7:e_@9 5?FTSiaŁ¶¬bf;=bT7 XQ¢p9X;=@M¡NﬂFdeM;W&g52d~q9{b_ Q)eM;kFT5	7Xb §b WD<EbTg,zﬃ;kF BopFT@h ^«yz\~:b_9&7:e_@   ªr7:e
5?FM;CV@?9*WD5?9ob~ﬃ bW{<EbMg K<?;=@F_<E@ ³<E5ES_@Tz¶e_@ @27J7:eT@,³!,@?9ﬂ;=<E5FuS_@?f=@?587:;vbFub_FuJ@e_@?9{5Fﬀ³!;k9ﬂjb_9o7(ﬃeM;ZW
@?F_<bTpFm7X@?9Jg,5rW{z¡5E<E<b9{SM;FMﬀ7XbRﬀ@E@SMe_5?  ﬂz¡@rW*WD@?Fr7:;=5f7Xb<Eb_FrVT;kF_<@0ey;ZWŁ³!@?9ﬂ;=<5?FP<Ebff=@E5?Mp$@rWMNﬂF  bW{<bTg,z
aŁJ¬bf;=bT7 XQ¢p9X;=@ig5rWP5fZW{b§7:eT@?9{@ig;A7:e5?F;k jb_9o7X5?Fm7S_@f=@?587:;=b_Fb_~&a¡9{@F_<?ew³<E5ES_@? ;v<?;=5?FW{zJIp_Tf=@8£5?FTS
@?9ﬂF_5f   g;A7:e9ﬂ;A7:;ZWXedb_F_@rW-4c9{bTs58s_fCI ;k9Db WXeM;k5sbsT;kFMue_5mW)s@E@?Fﬀ7:eT@S_@E<?;ZWX;AV@5?9ﬂMp,@?Fr7¢~:b9)7:eT@	 K 
G5?j_>_;kF_@z\;kFu®¢bFTS_bFTz\9{@<E@?;AV@ESi7:e_@ﬀ~q;k9*W:75?F_Si7:e_@	7:ey;k9{Sd@?,b9{5F_S_5EzsMp_7aŁ¡¬2b_fk;=bM7 ﬂQJp9ﬂ;=@	g,5rW&7:eT@ﬀb_F_@ 
<?e_bW{@F7XbﬀSM;ZWXj587X<?e ;C7;Fa¡9{5?FT<E@M













 RP@E@ESMe_5O? ^^M]{zbj¡y<?;A7( z_j¡  ﬃ 
  52p9ﬂ;=<E@!bfvS-Wﬂ ;A7:e·¹a¡9{@ES_@9ﬂ;=<&¬2b_fk;=bM7 ﬂQJp9ﬂ;=@ zT®¢58p9D@?F_<E@ ¤x;ZWﬂeT5?9o7XzM®¢bFTS_bFTz\ ^_[_´_z_j_j¡q [? E`yª
b_f=S-WX ;A7:e5?9XMp$@rW7:e_527¶7:eT@}a\KT e_5rWcs@E@?F,<EbFT<E@?;AV@ESSrp9ﬂ;kFy, §b WD<EbMg¤~:@rW:7:;AV_;A7:;v@rW2
 ¡RP@E@ESMe_5+7Xb,aŁm¬2b_fk;=bM7 ﬂQJp9ﬂ;=@Ezﬃ ^:ª-«  «?RP@E@ESMeT5?5?9{<eM;AV@rWŁO ­  «m]
  RP@E@ESMe_5+7Xb,aŁm¬2b_fk;=bM7 ﬂQJp9ﬂ;=@!Oofv@87q7X@?9ﬃ;kFa 9{@?F_<eM]{zª  :ª_© «yz~q9{b_+5rWﬂey;kFMM7Xb_FRﬀ@@ESMe_5?59{<?eM;CV@rW
O ­,^M]2Mﬃe_@&~:b_fkf=bMg;kFMPrp$bM7X587:;=b_F-WŁ5?9D@7X5?>@?F ~q9{b_+7:eM;Wﬃf=@87q7X@?9
 ´




9{@?f=527:;=bFW g ;C7:ehGp¡W(Wﬂ;=5F-Wp¡W:7s@@2<E@?ff=@?Fr7(  bMp5?fZW{b9{@?j_9D@rW{@?Fm7!7:e_@@rW:7<EbFm7:;kF_@Fr7X5?f&WD<?;=@?FT<E@MﬃN5?
gb_F_S_@9ﬂ;kFM+ge_@27:e_@?9d;C7gbMpf=S+F_bM7s@jb W(Wﬂ;AsTf=@}~:b_9iTbTp¥5?FTS3@h7Xb37:9{58V@?f!7Xb3 bW{<EbMgz;kFrVT;A7X@ESsy
Gp¡W*Wﬂ;v5?F-WDzL7Xb@8Tj_f=5?;kF 7:eT@0ey;ZWo7Xb_9ﬂ;=<E5fb_j_jb9:7qpFM;A7q~:b9Ł5F ;k jb_9o7X5?Fm7)tﬂfv@E5ES_@?9*WXeM;kj¡t2E@g ;kff_e_58V@7Xbﬀ@8Tj_f=5?;kF
7Xb	Gp¡W*Wﬂ;v5?F-W¢5?fkfM7:eT@!5ESrV5Fr7X5?@rWc7:e_@8g ;fkfSM9{@8g¨~q9{b+7:eT@?;k9ﬃj5?9:7:;=<?;kj587:;vbF7Xb U FT@rW{<b¶mNŁ5?fk9{@5ESr 52V@7Xb, 
465?FM;Ap¡WXeM>_;kFTz7:e_@?;k9 5?s5rW*WD5ES_b_9{z 5<EbjM3b~P1~q;k9*W:7@b9D5?F_Srpp_75§j@9*W{b_F_5?f<Eb_Fr7X5E<27;ZWuF_bMg
F_@E<@rW*WD5?9o$¹x;A7:eTbTp_7c;A7XzMU FT@rW{<b,g,bTpf=Ss@E<Eb_@!5rWpFT@?~q~:@E<87:;AV@!5?F_S fk; ;A7X@ES5rW7:eT@U!R GG³
³ W\TbMp52 eT58V@&FTbT7:;=<@ES_zT9ﬂ;C7:;ZWﬂeb_j_;kFy;=bF;ZW)W{b_@?eTbTg SM;AV_;vS_@ESs@87qg,@E@?FTbMpFMW:7X@?9*WŁ5?FTS@?f=S_@?9*W
K_;k9&I@FM9ou­5f=@Ezﬃ³ ¸PI ;kff=zJ5F_Sd5?f;k>@Ez¶ge_587X@8V@?97:eT@8u~:b_9ﬂ@?9ﬂfCW{58u~:b_97:eT@	;kFm7X@?9ﬂF_527:;=bFT5?fJWD<?;=@?Fm7:;k~q;=<P<Eb 
bj@9{587:;=b_F_z¡5?9{@W{bdW{<E@?jM7:;v<E5?f¡58sbTp_7¢5FrLb9X5?FM;ZWD587:;=b_F	7:eT587ﬃ7:e_@8	S_bﬀF_bM7Ł5E<87qp$5fkfA~:58VbTp9X;ZWﬂej_9DbjbW{5?f$b_~
5?Fu;kFr7X@?9XF_587:;=b_F_5fJW{@9oV_;=<@M!Fﬀ7:e_@b_j_jb WX;A7X@Ez f=5<?>@87q7Xz ­,5?9ﬂf;kFMM7Xb_F_zc5?F_Su5?fkf7:e_@ _9{bMpj b~W{<?;v@?Fr7:;ZW:7{W)pF_S_@?9
«yª_zg eTb s@rWX;=S_@rWL5?9{@ds@?_;kFyFM;kFy}7XbnS_b_ ;kFT587X@i7:e_@QbTpFT<?;kfb~!7:e_@iGbM_5fKb<?;=@87qTz<Ebj_f=@87X@?fA§5?_9{@E@
g ey;=<?e|W:p$<?e5+W{@?9oVT;=<E@M O( = ]d @E5FrgeM;kf=@1bMp9d®¢bTp;ZWdG5?j_>_;F_@}g ;fkfP5?fAg,58W;kFM~:b_9ﬂ TbTp¥b_~ﬀg eT587u;ZW
e_5?j_j@FM;kFy	;F®¢bFTS_bF$t2
No7;ZW7:9op$@,7:eT587)­,5?f=@PSM;=SiF_bM7!WD@E@? 7XbiV5?fAp$@RP@E@ESMeT5? W5E<87:;AVT;ZWﬂ ~:b9;kFr7X@?9XF_587:;=b_F_5fJW{<;=@?Fr7:;~q;=<<Eb 
bj@9{587:;=b_F¡·_e_@JBop$SM@S	jbb9ﬂfC 7:e_@&7X@?f=@?_9D5? 7:eT587ﬃ³<5ES_@? ;=5K_;kFM;v<E5,WD@?Fr7c7XbQ)³& hH7XbiWopj_jb_9o7 Rﬀ@E@SMe_5? W
j_9{b_jb WD5?fZW*ŁeT@d@?F_<bTp9{5@ESdRﬀ@@ESMe_5? 7Xb£s@87q7X@?9ﬀW:7:;=<?>h7XbeM;ZWPW{<?;=@Fr7:;k~q;=< 5E<87:;AVT;A7:;=@rW;kFQ)eM;F_5Ez)9{587:eT@?9!7:e_5?F
7:9oy;kFMd7Xbds@	7:e_@	 §5E@rW:7:9{b~:b_9!;kFr7X@9ﬂF_587:;vbFT5?f)W{<?;v@?F_<E@  2¡³!~Z7X@?9!9{@E<E@;AV_;kFyd7:e_@	7:eM;9{Sd@?b_9{5?FTSrpz¶H)9XF_@rW:7
5?>@?9u5?fZWDb3>@?jM7RP@E@ESMeT5?.587L5SM;ZWo7X5F_<E@_·)_@mWﬀ7Xb3ey;ZWdW{@9oV_;=<@Ezsyp_7LbFyfA1bMp_7{Wﬂ;vS_@U FT@E<Eb  2JIp__f=@8 2
Wopj_jb_9o7X@ESRP@E@ESMe_5 W&7:e_@rWX;ZW5?FTS@8V@?F j_9{bjbW{@S 7:eT@	9ﬂ;A7:;ZWXedbTV@?9ﬂFy@?Fr77Xbw<E5?fkfﬃ~:b_9!eM;k 5rWW{<?;=@Fr7:;k~q;=<
5ESrV_;W{@?92-xe_527)1@9*Wﬂ>@8 <5?fkf=@ESﬀ7:e_@ﬀWD<?;=@?Fm7:;k~q;=< jbjMpfv5?9~q9{bFm7Xz 7:eT@	5fkfk;=5?FT<E@s@87qg,@E@?F9D5ESM;=<E5?fW5?F_Sfk;As@?9{5?fZWDz
g5mW@?~q~:@E<27:;AV@Ez7:ey9{bTp_eRP@E@ESMeT5? 5F_SIp__fv@8Tz~:b9UF_@rWD<Eb+~:bTpFTS_587:;=b_F_z 5F_Sg;kfkff=5rW:7dWDb@hT@E5?9*W
 K_;k9I,@?FM9o­,5?f=@7Xb	¬+Q)9{bMg7:eT@?9{z :ª-«  «?RP@E@ESMeT5?5?9{<?ey;AV@mWŁO ­  [M]2
  K_;k9H¢9ﬂF_@rW:7¡!5>@?97XbﬀQ)9{bMg7:eT@?9{zﬃ ª:ª-`  «¹UF_@rWD<Ebﬀ59{<?eM;CV@rWDz-Q)³& hH§Qb9ﬂ9D@rWﬂjb_F_S_@?FT<E@&Nﬂ¸
 2-Ip__f=@87Xb,7:eT@acb_9{@?;k_F!~q~q;=<E@z\   ª-` 2 ^«E®¢@87q7X@?9ﬃ9{@?j_9Db-Srp$<E@S,;F®¢@!QbTp9ﬂ9X;=@?9ŁS_@&f= UF_@rWD<Eb z©_´_@
5?FMFTYE@Ez_F	m ª_z-b<87(q ^-`_«yzj_j¡  ©  ´EIp__f=@8,@8Tj_fk;=<?;A7X@fAﬀW:pj_jb9:7{W¡Rﬀ@@ESMe_5?, W6;=S_@E5&~:b_97:e_@! K z_~:b_9)W{<?;=@F_<E@
e_5rWc7Xb	;k9ﬂ9X;k587X@!@ESrp$<E527:;=bF,5?F_S<8pfA7qp9D@Ez-@27eT5rWﬃFTbT7¡7Xbﬀ<bFWo7:;A7qp_7X@!5WD@?j5?9{587X@!b_9ﬂ5?Fy;klm587:;vbF$-tﬂNg,bTpfvS
V@?Fm7qp9{@7XbW:p_@rWo7¡7:eT587¡­ 92m¬2bW{@j_e!Rﬀ@@ESMe_5?,zTaGKz_F_bMg¤e_@5ESb~7:e_@9ﬂ;C7:;ZWﬂe £;ZW*WX;=b_F7XbﬀQ)eM;F_5Ez<EbMpf=S
s@WD@E<8p9{@ES ~:b_9Ł5&~:@8g¤,bFm7:e-Wﬃ~:b_97:eM;ZW6jMp9ﬂjb WD@MtŁO%W{<;=@?Fr7:;~q;=<!5ESrV_;W{@?97Xb 7:e_@!bTV@?9ﬂFM,@?Fr7¡7Xb	j_9D@?j5?9{@7:eT@
<Eb_FM~:@?9{@F_<E@?]
 [
­p9X;kFMi7:eT@,®¢b_F_S_b_FdQb_FM~:@?9D@?F_<E@zhRﬀ527qp9{@  ﬂjMp_s_fk;ZWXe_@ES 5	~q;kf=@P58sbMp_7)UF_@E<bO{Wo7:;kfkf¡7:e_@b_~q~q;=<?;=5?f7:;A7:fv@?]{z g;A7:e
j5?j@?9*W~q9{b_ HJax³!9ﬂﬀW:7:9{bFyz6Ip__fv@8TzJQ)9{bMg7:eT@?9{z@?9ﬂF_5fŁ5?F_SRP@E@ESMe_5JKb_@87:;k,@rW&s@~:b9{@zJ!9{@?b_9oTz
7:e_@}HSM;A7Xb9DzWﬂeTbTg,@ES¤eM;ZWW:pj_jb9:77Xb3RP@E@ESMeT5? 5?~Z7X@?9u7:e_@}~q;k9(Wo7u@?,b9{5F_Srp RP587qp9{@    de_52V@n5?fW{b
jMp_s_;ZWXe_@ES5?F,@ESM;A7Xb_9ﬂ;=5?f5?FTS5Wop5?9:b_~7:eM;ZWﬃ,@?b_9{5?F_SrpL
RﬀbM7qg ;C7:e-Wo7X5F_SM;kFy1Rﬀ@E@SMe_5? WwWﬂj@E<8pfv587:;=b_F-W{zaŁ!¬bfk;vbT7 ﬂQJp9ﬂ;v@}e_5rW F_bM7s@E@F+p$<?e1;kFmVb_fAV@S3;kF
U FT@rW{<b¶Łﬃe_bMp_eh@?s@?9b_~&7:e_@a¡9{@?FT<?eS_@?fv@?587:;=b_F7Xbh7:e_@®¢b_F_S_b_Fh~:bMpF_SM;FMQbFy~:@?9{@?FT<E@Ez5?FTS7:e_@?F
¸;v<E@  4c9{@rWX;=S_@?Fm7ﬃ7:e_@0a¡9D@?F_<?eRﬀ527:;=bFT5?f¡Qb_  ;ZW(Wﬂ;=b_F_ze_@SM;=SﬀF_bM7W{@E@¦7XbeT58V@&s@@?FP5?FP5E<87:;AV@0j5?9:7:;=<?;kj5?Fm7(
I@P<Eb_F-Wﬂ;vS_@?9{@ESUF_@mW{<Ebi7Xbis@ 7Xb-bdp$<?epF_S_@97:eT@S_@?j@?F_S_@F_<E@ ~q9{b_|UK_³a¶b9eM;z 7:eT@,;Fr7X@?9ﬂFT587:;=b_F_5?f






b_9{@0~ZpFTSM;kFMW¢O geM;v<?e g5rWWD@E@?FP5rWﬃ7:e_@!5?;kFj_9{bMs_fv@? ]2_ﬃe_@&s5f=5?F_<@b_~jbMg@9)5?~Z7X@9\7:eT@g,5?9ﬃg5rWŁFTbT7c;kF
~:58VbMp9Łb_~ a 9{@?F_<e j_9{b_jb WD5?fZW{z5?FTS7:eT@&³!@?9ﬂ;v<E5?Fq&9X;A7:;ZWﬂej_9{b8BD@E<87¡g5mWﬃ>@?jM7XzMg ;A7:e ;kF_b_9ﬃbSM;k~q;=<E527:;=bFW2
!@;kFMd;FdQ)eM;F_5EzRP@E@ESMeT5? g,5rWpF_58sTf=@,7Xbdj5?9o7:;v<?;kj587X@ 7Xb7:eM;ZW<bFy~:@?9{@?FT<E@Ez 7:eTbTp_eeT@7:9ﬂ;=@ESe_5?9DS
7Xb}s@;FrV_;C7X@ES0  2Jp_7ey;ZWﬀ;vS_@E5rWL58sbMp_7 7:e_@~ZpF_<87:;vbFxb~PW{<?;=@F_<E@;kF3W:p$<?ex5?F};Fr7X@?9ﬂFT587:;=b_F_5?fb_9ﬂ5?Fy;ZW{587:;vbF
7:9ﬂ;Ap j_eT@ESn;C7:e_bMp_7Wop9ﬂj_9ﬂ;W{@Ez)e_@g5rW,<E5?fkfv@ESsMIp__f=@8£O ge_bh7Xbb>ey;ZW jbWﬂ;A7:;vbF£5rW4c9{@rWX;=S_@?Fm7b_~7:e_@
4c9{@?j5?9{527Xb9o¨Qb_  ;ZW(Wﬂ;=b_F¤b_F37:eT@}ª   ª_©´_z 5?FTSg,5rW @?f=@E<27X@ES+5rW7:eT@}@?F_@9{5?f!­ ;k9D@E<87Xb_9d587P7:e_@~q;k9*W:7
5rW*WD@?sTfAy]ge_@?Fe_@ng5rWWo7:;fkfiW:7X58y;kFM|;F|Q)eM;F_5Ez	7Xb°b_9ﬂ5?FM;lm@7:eT@¦K<?;=@?FT<E@+SM;CV_;ZWX;=bF¤;F+U FT@rW{<Eb¡N:7
 ﬂ¡RP587qp9{@ z_F	(©_^_´_[_z\ ª!RPbTV@?s_9D@ﬀ ^«yzTVbfqq E«y´_z_j_j¡k«_«y©%«y´ m?RP@E@ESMeT5? Wﬃj5?j@9ﬃ;ZWŁ5Wop,5?9o,b~¡eM;WŁ©M9{S
@?b_9{5?FTSrpzMg ;A7:e7:e_@7:;A7:f=@ t{ﬃe_@4cf=5<E@!b~ŁK<?;=@F_<E@!5?FTS NﬂFr7X@?9XF_587:;=b_F_5f¡K-<;=@?Fr7:;~q;=<!Qb-b_j@?9{587:;vbF ;F46b W:7 












7XbTp$<eg ;C7:e eM;kL?RP@E@ESMeT5?bFyfA,<E5?@s5E<?> 7Xb,9ﬂ;A7X5;kF587¡7:e_@!@F_Sb~c5?j_9X;kfﬃ ^´
U FT@rW{<EbbTV@ESh7Xb£465?9ﬂ;W ;kFW{@?jM7X@?s@?9d ^´_zBop¡W:7!s@?~:b_9{@7:eT@i~q;k9*W:7@?F_@9{5?f<Eb_FM~:@9{@?F_<@dO 465?9ﬂ;ZWDz
F_bMV@?s@?9ﬂ]a¶@8sMVT9{@Ez5}~q9ﬂ;=@F_S¤b_~ﬀ®¢@EbF1fApz5E<87:;AV@?fAj5?9o7:;v<?;kj587X@ES_zpFyfk;k>@§aŁ!¬bfk;vbT7 ﬂQJp9ﬂ;v@Ez07Xb37:e_@
sMp;kfvSM;kFMxb~!UF_@rWD<Eb}~q9{b_ ®¢bFTS_bF£<EbFy~:@?9{@?FT<E@db_Frg,5?9{S-W6a¶@8sMVT9{@g,5rW ;kF£<?e_59ﬂ@db_~5?F_5?fC-WX;kFMhIp__fv@8
j_9{@?j5?9D587Xb9:9{@?jb_9o7ﬃ;Fﬀb<87XbMs@?9 ^´	~:b_97:e_@a 9{@?F_<e F_587:;vbFT5?f<Eb_  ;ZW(Wﬂ;=b_F0   (¹I,@&j5?9o7:;=<2p$5?9ﬂfA,5?F_5fAW{@ES7:e_@
 ^[j_9Db_9{5 @ ~:b9!WDb-<?;v5?fﬃW{<?;=@F_<E@rWMac@8sMVT9{@9{@<8p¡W{@ES	7:eT@j_9{b_jb WD@ES	7:;A7:f=@O Ip,5?FM;A7XYmW ;kF7:e_@j_fAp9D5?f¡5?FTS




®¢bFTS_bF <Eb_FM~:@?9D@?F_<E@ 7Xb7:eM;FM> 58sbMp_7J7:eT@ ~:@E5rW{52s_;kfk;C7qub_~)5toV5mWo7<Ebj5?9{587:;AV@@?F_rp;k9:u58sbTp_7<?;AVT;kfk;klm527:;=bFW·
7:e_@ﬀj_9{bMs_fv@? ;ZW&7XbdpF_S_@?9*W:7X5?F_SdeTbTg,zJ5F_Si~q9{b_ geM;v<?ed<b ,bFu;kFM_9D@ESM;=@?Fm7{W{zﬃ5	emp5?F <8pfA7qp9{@P<EbMpf=Ss@
sMp;kfC7;F7:e_@&~Zp_7qp9{@z-5&emp5?F<8pfC7qp9{@7:e_587¡g;kfkf_FTbT7¡s@&,5ES_@!b~V@?F_@E@9ﬂ;kFMP5?FTSS_@rWﬂMp;ZWD@Mt   2






U FT@rW{<b- Wﬃj_9ﬂ;vb9ﬂ;C7:;=@rW{z_9{@?~Zp¡WX;kFM 7Xbfk;k ;A7X527X@7XbﬀSM;k9{@<87cj_9{bj55?F_S_5&~:b_9ﬃj@E5E<E@y











 *-G@?jb_9o7¡sMac@8sMVT9{@Ez_;kF!RPbT7X@mWŁ@87J7qp$S_@mWŁS_b-<2p@?Fr7X5;k9{@rW F r ª-`yª_z ´ ~:@8s_9op$59od ^^_z_j_j¡C^? ©_zM®¢5
­b<8p@Fr7X587:;=b_F ~q9{5F  E5?;W{@!OﬂS_b<8p@?Fm7{Wﬃ9{@?fv587X@ES7Xb,7:eT@&9{@E<E@?jM7:;vbFb_F    ª  ^b~cŁb9X9  rW q!bS_@87¡sM7:e_@





S_@rWﬂ;9{@|~:b9@8<?e_5?Fy@rW1_9{bMgﬀW¤W:7:9{b_FM@?9nge_@?F b_F_@|@87{W58g,58 ~q9{b 7:e_@¦5;kF WD<?;=@?Fm7:;k~q;=<|<E@Fr7X@?9*W
NﬂFr7X@9ﬂF_587:;vbFT5?f;ZW V@?9:SM;k~q~:@?9D@?Fr7PW{@E@F~q9{b 7:eT@htos_9ﬂ;_er7lmb_F_@Mtb_9 ~q9{b_ 7:eT@ij@?9ﬂ;kj_eT@?9ﬂ;=@mW2ﬃ³ f=5?;ZW(W{@?9 o~:5?;k9{@




7:9ﬂ;=@rW058sbMV@5?ff7Xbe_@fkjdg eTb FT@E@ES-W&7:eT@ﬀb W:77Xbs@ﬀeT@?fkj@ES_z7:e_527&;W&7:e_@iWD<?;=@?Fm7:;ZWo7{W&s@8TbFTSi7:e_@itosT9ﬂ;k_em7
lmb_F_@Mt{zubFT@+e_5rWw7Xb @?Fm7:;=b_F°5¤<Eb_9{bff=5?9o · F_b|;k jb_9o7X5?Fm7;kFr7X@9oV@?Fm7:;=b_F¦;kFWﬂ;=S_@n7:e_@tos_9ﬂ;k_em7lmb_F_@Mt2t   2
³<E<Eb_9{SM;kFy7XbRﬀ@@ESMe_5?,z&;A7WﬂeTbTpfvS§s@w58sW:p9{S§7Xb15rW*WX;k_F~ZpF_S-W7XbeT@?fkj1@2<?eT5?FM@rWgeM;=<?e58x@2_;ZW:7
g ;C7:e_bMp_77:e_@mW{@&~ZpF_S-WDz-5F_S1@mWo7X@?9ﬂFPW{<?;=@Fr7:;ZW:7{W{zMg eTb	~:@E5?9syp9{@E58p$<9{5E<8¥W{b	p$<?e_zMg ;fkfMs@&b_9{@!5876@E5mW{@&fk;k>@




@8<e_5?Fy@rW}s@87qg@@?F HŁp9{b_j@E5?F WD<?;=@?Fm7:;ZWo7{WDzsMp_7wg5mWn<b j_fv@87X@?fA S_@SM;=<E587X@ES|7Xb b9X5?FM;kl¹@¦@8<?e_5FM@rW
s@87qg,@E@?F HŁp9{b_j@E5?FP<EbMpFr7:9ﬂ;=@mW)5F_S,7:eT@ﬃeM;9{S b9ﬂfvSMﬃeM;ZWcg5rW\5Wo7:9{b_FMP5?~q~q;k9X587:;AV@!5E<87:;=b_F<Eb_F_Srp$<87X@Ssy
Rﬀ@@ESMe_5? 5?F_Sﬀ;A7{W<Eb_fkf=58sb9{527Xb9*W    {z¡5?FTSﬀ;A7{W);kj5E<87Łe_5mWJs@@?Fﬀ;kjb9o7X5Fr7(\ey;ZW)j@9ﬂ;=bSb~UF_@rWD<Ebﬀe_5mW\s@E@?F
5§9D@E5?f@?fA7:;kFy+jbM7ub_~iWD<?;=@?Fm7:;ZWo7{Wu~q9{b_ ,5?Fr<2pfA7qp9{@rWDzj_9{bSrp$<?;kFM¨5§p$<?e1<?9{@587:;AV@5F_S+Wo7:;kpf=587:;kFy
587:bWﬂj_eT@?9{@Mﬃe_@K-QJI  j_9Db8B{@27 g5mWﬀ;kFTS_@E@ES};F§7:ey;ZW<bFm7:;kFrp;A7q$ﬃp_7,5877:e_@is@_;kFMFy;kFMxb~!7:e_@n ^-«yª-W
OﬂŁb9ﬂ9D@rW  bS_@879{@F_bMpF_<E@?,@?Fr7;FﬀRPbTV@?s@?9ﬀ ^-«  ig;A7:e b~¢eM;ZWWo7X5?~q~¢@?s@?9*Ws@?;kFyi7:e_@ 7qp9ﬂFM;FMdjb_;kFr7:]
U FT@rW{<bﬀS_@?~q;kFy;A7X@?fA~:5?fkfv@ES ;kFr7XbP5?F5ESM ;FM;ZW:7:9{587:;=b_Fg;A7:e_bMp_7658p_7XbFTb ~q9{b_¤bMV@?9ﬂFy@?Fm7{W2
neT@?F587!7:eT@d@?FTSb~!ey;ZW  ;W*Wﬂ;vbF Rﬀ@E@SMe_5? ,5ES_@7:e_@s5?f=5F_<E@ub~g eT587!eT@L7:9X;=@ES7XbS_bzJeT@f=@27
5?j_j@E5?9!WDb@sT;A7q7X@?9ﬂFT@rW*W58sbTp_7¢eM;W<Ebff=@E5?Mp$@rW8·¶tﬂN5|~q9{5?Fy>_fAP9{587:e_@9J7:;k9{@ESb_~7:e_@j@Ebj_fv@0g eTbWX;A7Ł;kF7:e_@?;k9




   x;A7:eM;kFLK-<;=@?F_<@­ ;AVT;ZWﬂ;vbFTz-5E<<Eb9DSM;kFM 7XbRP@E@ESMeT5?zbFT@&58,@?F_<bTpFm7X@?9)«Qey;kF_@mW{@EzNﬂF_SM;=5F-W{z©





V_;ZWX;A7Ł7:e_@ j_f=5E<E@mW)g ey;=<?eu5?9{@ 9{@5?fkfAL9{@?bM7X@Ez 7:eTb WD@ 5?9{@!7:e_@ <Eb_F_SM;C7:;=bFWJ7:eT@8g ;kff~q;kF_St   *_No7Ł;ZW5F5?j_j@E5f~:b9
W{b_fk;=S_5?9X;A7qg;A7:e ~:59 ofk;AVT;kFMP<Eb_fkf=@5?Mp$@rW{z5?FTS7XbjMp_765?F@?FTS7Xbutﬂj5?9{b<?eM;v5?fk;ZWXtŁ5?b_FM HJp9Dbj@E5FﬀW{<?;v@?Fr7:;ZW:7{W2
NﬂFh~:5E<27Xz¢g,5?9<b ;A7q7X@E@rWj_9{bTV@ESh9{5?j_;vSMfAwF_bM7!7Xb£s@ib-bShbS_@?fZW~:b9ﬀWD<?;=@?FT<E@db_9ﬂ5?Fy;ZW{587:;vbF;kF
j@E5E<E@ 7:;k@rWDz5?FTS~ZpFTSM;kFMW)g,@?9{@ ~:5?9)s@?eM;kFTSLge_527Jg,5rW@8Tj@E<87X@ES$\eT@K<?;v@?F_<E@­;AV_;Wﬂ;=b_Fﬀg ;C7:eM;kFﬀUF_@rWD<Eb
SM;=SdF_bM7S_@8V@?fvbjw5rW5Fd;kFr7X@9ﬂF_587:;vbFT5?fŁb9X5?FM;ZWD587:;=b_Fd~:b_9 W{<?;=@Fr7:;ZW:7{W{zsMp_75rW5?Fi;Fr7X@?9 :bTV@?9ﬂFM,@?Fr7X5?f65?@?FT<8
~:b9 WD<?;=@?FT<E@M¡NﬂFr7X@9ﬂF_587:;vbFT5?fﬃ;=S_@E5?f;ZWﬂ SM;=SdFTbT7Wop9:V_;AV@	p$<?ePRP@E@ESMe_5 W!S_@?j59o7qp9{@	~q9Db°U FT@rW{<Ebd;kFu ;=S
 ^`
 MŁ #&  B?-8 )ﬂ;<- 5-.? %)$"u @ﬂ9>;<@$2=%09 -86 ;<32  305




Ip_Tf=@8TzG&;CV@87Xzﬃ³&p@?95?FTS a¶@8sMVT9{@<?e_bW{@P5	;kFWo7:;A7qp_7:;vbFT5?fJWD<E@?F_@z¶U FT@rW{<Ebz¶ge_@?FaŁ¬2b_fk;=bM7 ﬂQJp9ﬂ;=@z¶!@9ﬂF_5?f







j@Eb_j_f=@rW{zJg,5rWb_F_@ b~&7:eT@s_;kj_9Db8B{@<87!7:e_58752V@UF_@rWD<Eb;A7{W ;=S_@Fr7:;A7q£Srp9ﬂ;kFy;A7{W ~q;9*Wo7_@5?9*W{zﬃg eT@?FWo7:;kfkf




Ip_Tf=@8T WﬃF_5@!5rW7:eT@!bFT@g eTb	j_9{b_jb WD@ES7:eM;ZW6eM;ZW:7Xb9oge_@?F jMp_sTfk;ZWXeM;kFy	ey;ZWﬃ;kFm7:9{b_FM;ZWD587:;=b_Fsbb>_fv@87   ge_@?F
F_5?,@ESdj_9{@rWﬂ;vS_@?Fr7b_~J7:e_@ 49D@?j5?9{587Xb_9o Qb_  ;ZW(Wﬂ;=b_Fi;Fi59{<?e ^´-IbMg@2V@?9{z¶Ip__fv@8ueM;kPW{@?fk~<?9{@ESM;A7X@S




Rﬀ@@ESMe_5? ~:b_907:eT@;=S_@5   2³ W~:5?95rW!ac@8syV_9{@;ZW<Eb_F_<E@9ﬂF_@ES_zﬃe_@@2_j_f=5?;F_@ESd;kFn ^^    7:e_5877:e_@ﬀ;vS_@E5<E5?@
;kF_S_@j@?F_S_@?Fm7:fAu;kFm7Xb 7:eT@	 ;F_S-Wb~5Fiey;ZWo7Xb_9ﬂ;=5?FuO:eM;kﬀWD@?fk~q]{zc5?Fu@87:eyF_b_f=bMp$@O G;AV@87:]5?F_Su5s_;=b_f=b__;ZWo7Oo¬{pfk;=5?F
Ip_Tf=@8y]2ﬃp_7 b_9{5?l¹@   P<?9{@ESM;C7X@ESh;kF+ ^-«y´a¶@8sMVT9{@i~:b_97:e_@ij_9DbjbW{5?f  =ﬃNo7;ZW7:9op$@7:eT587@?F_<2_<f=bj5@ESM;=<E5?f




g ey;=<?e|;Wh7:e_@+ey;ZWo7Xb_9o b~j5E<?;~q;=<+9{@?f=527:;=bFWh7:e_527Xz~q9{b_ 7:e_@;k9b9X;k_;kF-WDzemp5?F|_9DbTpjW5F_S WDb-<?;v@87:;=@rW
5?;kFm7X5?;kFT@ESﬀb_F_@&g ;C7:e,7:eT@bM7:e_@92_ŁbiWﬂe_bMg¤7:e_527Xz-~q9{b_ 7:eT@0bWo7\5?F_<;=@?Fr7c7:;k@rWDz,@?F5rW(W{b<?;=587X@ES j5E<;k~q;=<E5?ffA




7:;k@Ezﬃe_5S 7:eT@?;k9!b_@?Fm7b~;kFmV@?Fm7:;=bFTzJ5F_Sig ey;=<?ehWDb,@?e_bMg <Eb_Fr7:9X;AsMp_7X@ESi7Xbi7:e_@P@ESM;k~q;=<587:;=b_Fdb_~bMp9s_;









;k @F-W{@g,b9X>db_~)<bFy~q9{bFm7X587:;=b_F_z¡b_9@8V@Fb_j_jb WX;A7:;=b_Fb_~7:e_@rWD@ <?;AVT;kfk;klm527:;=bFW5?FTSb~ge_527ﬃ7:e_@0@rWo7¢<5?fkfZW
7:e_@<?;AVT;kfk;kl¹587:;=b_F_z¡5?F_S	geM;v<?eﬀ;ZW¢;kFﬀ~:5<87Ł;A7{WbMgF<?;AVT;kfk;kl¹587:;=b_F_ze_5rWŁs@?MpF$MU FT@rW{<Ebe_5mWJ7Xbﬀ7X5?>@07:e_@SM;k9{@E<87:;vbF
b~7:ey;ZWg,b9ﬂ>zM7Xbﬀb_9ﬂ5?Fy;ZW{@&;C7ﬃb_F7:eT@W{<?;=@Fr7:;k~q;=<!5F_SS_@rWﬂ;Fr7X@?9{@mWo7X@ES f=@8V@?f 2Xt2
  ﬃ¬%pf;=5?FIp__f=@2_zM @b9X;=@rWﬃNﬂN zT®¢b_F_S_b_F_z@b9ﬂ@&³!ff=@?F ¤U Fmg ;F®ﬃ7XS_z\ ^_[_©_z_j¡k« ¡
   ¶ac@8syV_9{@!O ^^M]{z-b_j¡y<?;A7(
  










<Eb_Fr7:9ﬂ;Asyp_7:;=b_F7Xb	emp5?FM>_;F_S<Eb_  b_F j587:9ﬂ;bFm$t ﬂ2
RﬀbM7:eM;kFyde_5j_j@?F_@ESs@?~:b_9{@W:p @?9P ^`ﬀge_@?FIp_Tf=@8 b_9ﬂ5?Fy;klm@ESWDb,@,;Fr7X@?9ﬂFT5?f¡@E@87:;FMW5?FTS
<E5?fkfv@ES	~:b_9)5Fﬀ@2_j@?9o7:;W{@!_9{bTpj  h7XbﬀjMp_77:e_@S_@E<?;Wﬂ;=b_F;kFr7Xbb_j@?9{587:;vbF$M³&p@?9Łe_5ESWop$<E<E@@ES_@ES,7XbRﬀ@@ESMe_5?




s5?fv5?F_<E@Pb~W{<?;=@Fr7:;k~q;=<>_F_bMg fv@ESM@ﬀ58sbTp_7<?;AVT;kfk;kl¹587:;=b_F-W{z¡j_9{@?~:@?9X;kFM 5gb_9ﬂ>g ey;=<?eﬀpFM;C7X5?9ou5mWﬂj@E<87Łg,bTpf=Sﬀs@
_;AV@FisM 5jb;kFm7b_~JV_;=@2g 5F_SiFTbT7)sy 5	jb_fk;A7:;=<5?fﬃS_b<87:9ﬂ;kFT@_·erp5?Fu~q9{587X@9ﬂFM;A7q$¡ﬃeM;ZWg,bTpf=Su_;AV@P5W{@F-W{@





g eT@?FﬀsbM7:edWop_sﬂ<Eb_  ;ZW(Wﬂ;=b_F-Wt{@25E<875?FTSFT587qp9{5?fﬃW{<;=@?F_<@rW2t5?FTSdt{QJpfA7qp9{5?f,587q7X@?9*Wt)@87(M­@mWﬂj_;A7X@ b_~7:e_@




ﬂ @@87:;kFMPb_~7:e_@ KQJI  <b ;A7q7X@E@Ez ´:ª_[ `¹UF_@rWD<Ebﬀ59{<?eM;CV@rWDz¶KQJI x`O  ¡C© O  _]ﬂ]2mNﬂF7:eT@&~:bfkfvbTg;kFM
@E@87:;FMzbF7:eT@  ^:ª_^ `yzTIp__f=@2ﬀW:7:9{@rW*WD@ES7:e_@WD5?@&;=S_@E5T·¹7:e_@sb-b_>e_58V@7Xb	;kFWﬂ;ZW:7)topjb_F+7:e_@&j59o7
j_f=58T@ES ;kF ey;ZWo7Xb_9osM,SM;ZW{<bTV@?9ﬂ;=@rWDz;FrV@Fr7:;=b_F-WDzFT@8g¤;=S_@5rW*mpjbF7:e_@&j_9{bSrp$<87:;=b_Fb_~¶FT@8g¤;vS_@E5rWsy FT@8g
~:5E<87{WDz-5?FTSb~¡F_@2g¤~:5E<87{WcsMF_@8g¨;=S_@E5rW(rpjb_F7:e_@!<bFW{@Erp$@?FT<E@rWŁb_~c@8<e_5?Fy@rWs@27qg@E@F j@Eb_j_f=@rWﬃ;kF7:e_587






NﬂF3WXj_;A7X@hb_~ac@2sMV_9D@E W5?FTS§G;AV@27X WL@?Fm7:e_bMp¡Wﬂ;=5rWXz@8y9{bMp_7:e<EbFy~:@?9{@?FT<E@  O ge_@9{@Jb_9ﬂ9{@rW  b-S_@27
Wop_s$Wo7:;A7qp_7X@ESﬀIp__f=@8y]{zcSM;=SF_bM7<?eT5?FM@ﬀWX;k_FM;k~q;v<E5?fkfAP7:e_@ﬀWﬂ;C7qp$587:;=b_F_z5F_Sﬀ7:e_@ j_9{b2B{@E<87Łg@Fr7¢b_Fﬀ5?9X>_;kFMﬀ7:;k,@M
ap9o7:eT@?9ﬂb_9{@Ezd5+9ﬂ;A7:;ZWXe a 9{@?F_<e 9X;AV5?f9o @?@9ﬂ@ES¡·	U FT@rW{<b- W1Wo7X5?~q~w<?9X;A7:;=<?;kl¹@ES¦ac@8sMVT9{@¤5?FTS¥G;AV@87w~:b9
7:9{5?FWﬂ~:b_9ﬂ ;kFy7:e_@u<Eb_fkf=@E<27:;AV@ﬀj_9{b2B{@E<27&;Fr7Xb7:eT@?;k9bMg FTzJ5F_Sd~:b9!9D@?~Zp¡Wﬂ;kFydIp_Tf=@8T W<Ebﬂbj@9{587:;=b_F  ¶³&p@?9
7:9ﬂ;=@ES7XbbMV@Rﬀ@@ESMe_5?²5rWX;=S_@M¶a¡;F_5?fkfC_zﬃ7:e_@N{QJ4¶ILKg,bTpfvSs@u<Eb_F-W:pfA7X@ES7:ey9{bMp_ea¶@8sMVT9{@Ez)5?FTSN{Q!KMU
7:eM9{bMp_e!RP@E@ESMeT5?O*t{ﬃe_@&;kFm7X@?9{@rW:7ﬃb_~7:e_@ac@2sMV_9D@ =RP@E@ESMeT5?<Eb_fkf=58sb9{527:;=bF;ZW7:e_527¶7:eT@8,5?9{@Ez_~q9{b_+7:e_@Wo7X59o7Xz
S_@E<?;=S_@SL7Xbd5_9{@E@bFT@g ;A7:eﬀ7:eT@bT7:eT@?92t  ﬂ]-³!F_Sﬀ ;Mp$@?fc0lmb_9ﬂ;=b S_@,³!f@?;=S_5   ¢g,5rW5rWﬂ>@ES5Wo7X5?@9D@?jb9:7
pjbF7:e_@&j_9{b2B{@E<87c~:b_9U FT@rW{<bﬀ@8@E<8p_7:;AV@!<Eb ;A7q7X@E@M
NﬂFﬀey;ZW)9{@jb9o7 J7XbL7:eT@0j@9ﬂ5?FT@?Fr7\<Eb ;A7q7X@E@b~cN{QJIKza¶@8sMVT9{@SM9D58g¤7:e_@587q7X@?Fm7:;=bF 7Xb	7:eT@,WXj@E<?;=5?f
5?;k b_~&KQJI 3·tﬂNo7Łj_9{@87X@F_S-WJ7Xb;kFy~qfAp$@?F_<@@?Fm7X5?fk;A7:;=@mWJ7Xbu@?9{5ESM;=<587X@07:e_@!g5?9ŁV_;k9op¡Wt2 2Mxe_587Ł;W)F_@@ES_@ESﬀ;ZW
F_bM7Pb_FMfAxW{<?eTb-b_f)sbb>W syp_75<Eb_fkf=@E<27:;AV@hW{<;=@?Fr7:;~q;=<deM;ZW:7Xb9ow7Xb§7:9{5?;Fh7:e_@hW{<?eTb-b_fk5mWo7X@?9*WDz7Xb3W:yFr7:e_@mWﬂ;klm@





  ¡RP@E@ESMe_5+7Xb,­,58V_;=S  z-ª     `Rﬀ@@ESMe_5?59{<?eM;CV@rWŁOq­[_]2RPbT76b_FMfA7:e_@9ﬂ;A7:;WﬂeS_@?fv@?587:;=b_FVbM7X@ES
5?5?;kFWo7ceM;Wﬃ9{@?jb_9o7XzMsMp_76bFT@!b~7:eT@!S_@?f=@?587X@mW ¶®¢@?;k_e ³ W:7XbF jMp_s_fk;=<5?fkfA,SM;ZW*WDb-<;=587X@ES eM;ﬀW{@?f~¶~q9Db
Rﬀ@@ESMe_5?L
 ¶G;AV@27jMp_sTfk;ZWXe_@ESb_F7:e_@!ª     `5?F@?Fm7:e_bMp¡Wﬂ;ZW:7:;=<!S_@E<?fv5?9{587:;=b_F¡·toI ;ZW:7Xb9: ;ZWcs5ESMfA,<Eb_F-W:7:9op$<87X@ES ~:b_9ﬃ;A7c;ZW





 Łﬃe_b_5rW7Xb  58TbMp_POoj_eM;f=b WDbj_em5F_S<?;AVT;kfk;klm527:;=bFWŁSM;AVT;ZWﬂ;=b_FM]Dz\   ª ^_z5?F_S 52_bMp_ 7XbP\eTb5mW{z




  ¶I,@g5rW\5&9D5?lE;kfk;v5?F j_erWX;=bfvb_;ZW:7Xz~q9X;=@?F_Sb_~®¢58p_;=@?9{zM®¢5?j_;=<rp$@!5?F_Sp9ﬂﬀW{@9{z-5F_S e_5rWcs@E@?FjMp¡Wﬂe_@S
;kFr7Xb 7:eM;ZW6jb WX;A7:;=b_FsM³&p@?92E4¡p_s_fk;ZWXe_@ES ;kF,58pMp¡Wo7 ^^_z_eM;ZWﬃ9D@?jb9:7¶g,5rW)WD@8V@9{@?fA,<?9ﬂ;A7:;v<?;klm@ESsyUF_@rWD<Eb W
Wo7X5?~q~c5?FTSIp_Tf=@8Tz-5F_S ~:b9XbT7q7X@?F$-K@E@&ey;ZWﬃ9{@jb9o7c;kF,Q5eM;=@?9(WŁS_ I ;ZW:7Xb;9{@&b_F_SM;=5?fv@ r¸b_fqrNDz\ ^-«y©%« z
j_j¡C^_´ ﬂ^-`_«





s@?f;=@?~ﬂW{z,587X@?9ﬂ;=5fﬃbMs2B{@E<27{W{zﬃ5?Fy;k5?fZWDzﬃ@87X<Mﬃtoa¡9Db 5?fkf7:eT587XzAg ;kff<b@bMp_7J7:eT@ ;k5?@b_~)5 bMV_;kFyiemp5?Fy;A7q
Wﬂ;kFT<E@7:eT@db9X;k_;kF_zJ7:9{52V@?fkf;kFMj@?9X5?F_@Fr7:fA£Srp9ﬂ;kFy5j@9ﬂj@87qp$5?fW{@?9X;=@ib_~7:9D5?F-WD<EbFm7:;kF_@Fr7X5?fŁ ;k_9{527:;=bFW2ﬂt2
ac@8syV_9{@!~:bTpFTS,7:eT@?F g ;A7:ey;kF U FT@rW{<b	7:e_@&g587Xbbj@?FP5!F_@8g¥<e_5?FyF_@?f~:b9ŁeM;WJ;Fr7X@?fkfv@E<87qp$5?f$5?@?FTS_5Ezg;A7:e7:e_@







Ip_Tf=@8Tzge_b SM;vS"F_bM79{@?F_bMpF_<@ 7Xb <b@¤s5E<?> ;Fr7Xb"7:e_@¦j_9{b2B{@E<27Xz£WD@?Fr77Xb"UF_@rWD<Eb fvbFy
<Eb_ @?Fm7{W2)7Xbu0l¹b9ﬂ;vb- W)9D@?jb9:7Xz$ge_@9{@e_@<?f=@E5?9XfAL@8_j_f=5;kF_@ESﬀey;ZWbMgF<Eb_F_<E@jM7:;=bFW)~:b_9!KQJI TIp__fv@8





sMp_7\509{@5?f7:eT@Eb_9o$ton;C7:e_bMp_7)W{b_@ Wop$<?e pFy;k~Zy;kFM7:e_@Eb_9oTz5?FmWop$<?e sb-b_>	g;kfkf$@?F_S 7Xb,s@E<Eb_@!<Eb_f=bTp9Xf=@rW*WDz
b9ŁBop¡W:75<E587X5f=bMp$@b_~~:5E<87{Wt2 *¡³<E<Eb_9{SM;kFy7XbdIp_Tf=@8Tzﬃ;kF5ﬀ_;AV@?Fdj@?9ﬂ;vb-Sb_~&5ﬀ_;CV@?F<;AV_;kf;klm587:;=b_F_z7:e_@
S_b;kF_5?Fm7WoWo7X@ﬀWb_~;=S_@E5rW ;kFM~qfCp$@?F_<E@7:e_@3WD<?;=@?Fm7:;k~q;=<n5?FTS7X@E<eMFM;v<E5?fS_@8V@?fvbj_@Fr7Xz 5?FTS3FTbT7bFyfAn7:e_@
;kFrV@?9*WD@M!F_@ e_5mW)7XbdSM9{58g°~q9Db|7:e_@7:eT@Eb9:ub_~)@8VbfCp_7:;=bFu5WoWo7X@? b~ﬃ;=S_@5rW)~:b_95	WD<?;=@?Fm7:;k~q;=< 5?j_j_9Db-5E<eb_~















5?b_FM|7:e_@ 5?5?;F+RP@E@ESMeT5?z	ac@8syV_9{@5?F_S¤G&;CV@87wO:~:b9wN{QJ4¶ILK_]2 NﬂF  ^^_zﬀ~q9{b_ S_@E<E@s@?9   ¦7Xb
S_@E<E@?s@?9 [_z7:e_@<Eb_  ;A7q7X@@0eT@?f=S,7X@FWD@rW*WX;=b_F-Wﬃ7Xbﬀ~q;kF_5fk;klm@&7:e_@5?;kﬀW¢5?FTS7:e_@&@?FT@?9{5?f_j_f=5F ~:b9KQJI 1N:7
e_5rW s@E@?Fh7:eT@,b W:7 ;kFm7X@?9{@rW:7:;kFMx<Eb_  ;A7q7X@@EzJg eT@?9{@7:eT@dSM;ZW{<2p¡W*Wﬂ;vbFW 9{@8V@E5?f=@S7:e_@V5?9ﬂ;=bMp¡W5?@F_S_5Ez5?FTS

















acb_9&7:e_@?zŁ@8<?e_5?Fy@rW WXe_bMpf=Sis@dKQJI  eT@E5?9o7XzŁ5?FTS 7:eT@8us@?5?FuV@?9owW{bb_Fa¡;kF_5fkfATz¶7:e_@?9D@	;ZW5	@?FT@?9{5?f
5?_9{@E@@?Fr7Ł7:e_527!to7:eT@	<eM;=@?~¢@? j_eT5rWﬂ;W!Wﬂe_bMpf=Sﬀs@b_Fﬀ7:e_@@8<e_5?Fy@rWb9)sb9ﬂ9DbTg;kFMW)s@87qg,@E@?Fﬀj@bj_f=@mW5?FTS
<EbMpFr7:9ﬂ;=@mW{zb_~}7:e_@°~:5E<87Xb_9*Wng ey;=<?e eT58V@°<Eb_Fr7:9ﬂ;CsMp_7X@ES"7Xb erp,5?F <?;AVT;kfk;ZWD587:;=b_F_z;F_<?fAp$SM;FM ;kFrV@?Fr7:;=b_F-WDz
SM;ZW{<bTV@?9ﬂ;=@rWDz;vS_@E5rWŁ5?FTS<8pfA7qp9{@Mt2X2











g ey;=<?e59{@&b_9{@!SM;k~q~q;=<8pfC7¶7Xb 7:9{5?FWﬂ~:@?9*Wop_s$W{@Erp$@Fr7:fATzMMeT@!@? j_eT5rWﬂ;ZW6e_5rW7Xb s@&jMp_76b_FﬀW{<?;v@?F_<E@z-5?FTS 9{@?fk;k_;vbF
e_5rWŁ7XbLs@9{@?fv@?587X@ES587ﬃ7:eT@ @?FTSb~KQJI ¡Key9oTb-<>dWopj_jb_9o7X@ESRP@E@ESMeT5?ra¶@8sMVT9{@Ezg;A7:e 4c;=5?@87Xz-9D@E<8p¡W{@S
W{<?;v@?F_<E@e_@?@bFm 5?F_Su5rWX>@ES~:b_95?Fu@Erp$5?fﬃWXe_5?9{@t*«yª  {«yª t2-NﬂFdWXj_;A7X@b~cRP@E@ESMe_5 Wj_9{@rW*W:p9{@7:;kfkf7:e_@
«E7:eﬀW{@mW*Wﬂ;vbFTz9{@fk;k_;=b_F5?FTS,j_ey;kf=bW{b_j_er5?;kFT@ES5&~Zpfkf_j_f=5E<E@&;F7:e_@ KQJI 
\eT@h~q;kF_5?fj_f=5?FxSM;=S}FTbT7PSM;~q~:@?9ﬀp$<e}~q9{b_ a¶@8sMVT9{@E Wﬀj_9DbjbW{5?fWb_~d ^`ﬂﬂXJ!5<?>}7Xb}®¢bFTS_bFTz
Rﬀ@@ESMe_5?g 9{bM7X@07XbﬀIp_Tf=@87Xb;kFM~:b_9ﬂ|ey;k°58sbTp_7ﬃ7:eT@ﬀt{5rWo7Xb_FM;WﬂeM;FMj_9{b__9{@rW(W{@rWt)5ES_@0sy 7:e_@<Eb_  ;A7q7X@E@
5?F_Sx58sbMp_7 G;AV@27P5?F_Sac@8sMVT9{@,5?_FM;k~q;v<E@?Fr7,j@?9ﬂ~:b_9ﬂ5?FT<E@MJI,@;ZWPe_5?j_jMw7:e_587F_bM7:eM;FMe_5rW s@E@?Ff=@?~Z7,b_~










b~c5?ff<8pfA7qp9{@rW\Oo~q9{b_+ac@8sMVT9{@?] Nﬂ¸¨5?F_S ¸L·Mﬃe_@Wﬂj@<?;=5?f<?ey9{5E<87X@9ﬂ;ZWo7:;v<rWŁb_~ 7:eT@&5?;kFeM;ZW:7Xb9ﬂ;v<E5?f<8pfA7qp9D@rWŁ5?FTS
<?;AVT;kfk;ZWD587:;=b_F-WŁOo~q9Db1RP@E@ESMeT5? ] ¸N·-KMyFr7:e_@mWﬂ;ZWŁ5F_S<Eb_F_<?fAp¡WX;=b_F-WŁOo~q9Db+ac@2sMV_9D@?]2y\eT@![	@2_j@?9o7{W¢Wﬂe_59{@ES
7:e_@&9{@mWﬂjb_F-Wﬂ;Cs_;kfk;C7:;=@rWﬃ~:b_97:e_@VbfAp,@M?RP@E@ESMeT5?¤bM7F JNﬂN{zMG;AV@27F JNosP5F_Sac@8syV_9{@&F J¸ﬀ
ﬂZ
RP@E@ESMeT5?+7Xb,Ip__f=@2_zﬃ [2    ^^?RP@E@ESMeT5?5?9{<eM;AV@rWŁO ­  ´_]2
ﬂ ŁQ)f=bW{@7XbPJb_9ﬂ9{@rW  b-S_@27Xz-Qb_9o7X@rW{5b	9{@rWX;k_F_@Sg;A7:e ey;k




;kFM~:b_9ﬂ527:;=bFs@?~:b_9{@&;A7XzM7:e_587¡7:eT@!@?FT@?9{5?fQb_FM~:@?9D@?F_<E@!5F_S7:e_@­;k9{@E<27Xb9Ł@?F_@9{5?f_e_5S,eT5ES ;kF  ;F_S7:e_@
j_9{@?j5?9D587:;=b_Fb~c5g,b9X>ﬀb_F7:eT@&eM;ZW:7Xb9o,b_~¶,5?FM>_;kFTSg ey;=<?eﬀWXe_bMpf=S<EbFm7:9ﬂ;Asyp_7X@&jbTg,@?9ﬂ~ZpfkfC7XbMg59{S-W7:e_@
p_7qp$5?fMpFTS_@?9*Wo7X5F_SM;kFyﬀb_~c5?fkf_j@Eb_j_f=@&;kF7:e_@&j_9{@rWD@?Fr7Xzb_F7:e_@s5rWﬂ;ZW\b~7:e_@;k9Ł5E<?ey;=@8V@@?Fr7{W\5?F_S<Ebbj@9{587:;=b_F
;kF7:eT@&j5rWo7(y\eT@!<Eb_  ;A7q7X@E@7:eT@?9{@?~:b_9{@!@?fv58sb_9{587X@ES5&j_f=5Fb~c<Eb_Fr7X@Fr7{WgeM;=<e ;ZWﬃj_9{@mW{@?Fm7X@ES ;kF7:eM;Wﬃj5?j@?92
³!~Z7X@?9Ł5?Fb_j@?Fy;kFMj5?9o7Xz_;kFm7:9{b-Srp$<;kFMP<E@?9:7X5?;kF ~ZpFTS_5?@?Fm7X5?f_>_F_bMg fv@ESM@!58sbMp_7¡ 5?F,5?F_S7:e_@g,b_9ﬂf=S ;kFgeM;=<e
e_@&~q;kFTS-WﬃeM;ﬀW{@?f~:zT7:eT@?9{@g,bTpf=Ss@!5W{@E<Eb_F_S j5?9:7ﬃS_@mW{<?9ﬂ;Cs_;kFy,7:eT@W{@?9X;=@rWŁb_~c<?eM9{b_F_b_f=b__;=<E5?ffAﬀW:p$<E<E@rW(Wﬂ;AV@
Wo7X5?@mW ;kF7:eT@&j_9{b_9D@rW*WŁb_~¡erp5FM;A7q;kFﬀWDb-<?;v5?fb9X5?FM;ZWD587:;=b_F5?FTS	<bFm7:9{bfbMV@9{z-5F_SpF_S_@?9(Wo7X5?FTSM;kFMPb_~:z





neT@?FF_587:;vbFT5?f<Eb ;ZW*WX;=b_F-W g,@?9{@<Eb_F-WopfC7X@ES}Srp9X;kFM1Wﬂj_9ﬂ;FM ^-«¡ z&<?9ﬂ;C7:;=<rW g,@?9{@i5mW*Wﬂ;CV@Ez5?FTS
Wopj_jb_9o7fk;k ;C7X@ESﬃe_@	9ﬂ;C7:;ZWﬂe<b ;ZW*WX;=bF$ﬂ ﬂz;FWXj_;A7X@ﬀb_~J7:e_@j_9{@rWD@?F_<E@Pb~6Rﬀ@E@SMe_5? 5?F_SdQb_9o7X@rWD5Eb-zﬃSM;vS
F_bM75E<E<E@jM7!7:e_@ij_9{b2B{@E<27(6a 9{5?F_<@dbFyfATzJac@8sMVT9{@ij_9{@mW{@?Fm7:;kFMh7:eT@i9{@?jb_9o7Xz&Wopj_jb_9o7X@ESw@8_j@?9:7{W{<Eb_F_<fAp¡Wﬂ;=b_F-WDz
5?F_S°jb;Fr7X@ES|7:e_@|W{bMp9{<E@b~£SM;k~q~q;=<8pfA7:;v@rW· 7:eT@8°59{@|t{Srp$@37Xb 7:eT@¤bTs$Wo7:;kFT5E<8g ;A7:eg ey;=<?e"WDb 5?Fm
9{@?j_9{@mW{@?Fm7X587:;AV@mW!b_~&W{bﬂ<E5fkf=@ESu HJp9{b_j@E5?FTMb_9 @rW:7X@?9ﬂF_y<?;AVT;kfk;klm527:;=bF9D@?5?9{Sﬀ7:e_@ f=587q7X@9 J7:eT@?;k9bTgF 5rW)7:e_@
bFyfA7:9op$@!<?;AVT;kfk;klm527:;=bF$t2ﬂ 2Eac@8syV_9{@z-5rW Rﬀ@E@SMe_5?z5?9{@1S_@87X@9ﬂ ;kFT@ES5ESrV@?9(W{5?9ﬂ;v@rWﬃ~:b_9Ł@8p9{b<E@?Fr7:9X;ZWﬂ
a¡f=b_9{@?F_<@ @?FT@?9{5?f£<EbFy~:@?9{@?FT<E@"O{Wﬂj_9ﬂ;kFy  ^-«¡ 2]¤S_@<?;=S_@ES e_bMg@2V@?9n7Xb W:7X@?j b_F"7:e_@°@?~q~:@<87:;AV@
9{@E5?f;klm587:;=b_F1b_~uK-QJI z5?F_S}7Xb<E5?fkf!~:b_9u5?F1@ESM;C7Xb9ﬂ;v5?f<Eb_  ;A7q7X@E@yﬂ. 2)Ip_Tf=@8x;ZWﬀs5E<?>bF7:e_@§W:7X5?@Mﬂ  ﬂz
7Xb@27:e_@?9)g;A7:eﬀ4658pf=bdS_@5?9ﬂ9{@S_bdQ5?9ﬂF_@;k9{bz¶p9ﬂFT@?9{z- b_9{5?lm@O ac@8syV_9{@E W¢jMpj_;kfk] \7:eT@07:eM9D@E@f=@E5S_@?9*Wb_~7:e_@




@rW*WD@?Fr7:;v5?fMV5?fCp$@7Xb,7:e_@7XbM7X5?f_emp5?F j587:9X;kb_Fr$Mﬃe_@&~:bMp9o7:e j59o7¡g ;kffbTp_7:fk;F_@7:e_@V5?9ﬂ;=bMp¡Wﬃj587q7X@9ﬂF-W b_~7:e_@
_9{@E5876<8pfC7qp9{@rWŁ5?FTS<?;AV_;fk;ZW{527:;=bFW{zM7:e_@?;9ﬃj5?9o7:;=<8pfv5?9gb_9ﬂf=SXbTp_7:f=bb_>Wg ey;=<?eg,@?9{@!<e_5?9{5<87X@?9ﬂ;ZW:7:;=<!b_~ 7:eT@?z
5?F_SgeM;=<e_zM7:e_bMp_e F_bM7¡7:9{5?F-WX ;A7q7X@ES ;kF~:b9ﬂ,@?97:;k@rWDz-59{@&F_bMg¤~Zp¡WX;kFM;kFm7Xb,7:e_@g,b_9ﬂf=Soj_;=<27qp9{@!b~pFy;AV@?9(W{5?f
5?F$Mﬃe_@&~q;k~Z7:e,<EbFT<?fAp$SM;kFyj5?9o7¡gbMpf=Ss@!b_~c5WoyFr7:eT@87:;=<!<?eT5?9{5E<27X@?92mNﬂFﬀW{b~:5?9Ł5rW7:eT@!587q7X5?;kFy@?Fm7ﬃb_~
j@?9ﬂ~:@E<27ey;ZWo7Xb_9ﬂ;=<5?fbTsB{@E<87:;CV_;A7q ;k_em7¶s@!<Eb_F-Wﬂ;vS_@?9{@ES7Xb,s@&;k jbW*WX;As_f=@zT7:eT@!<Eb ;A7q7X@E@&~:@?fC7¶7:eT5876@? j_eT5rWﬂ;ZW
 ;k_em7¶g,@?fkfMs@&j_f=5E<E@S	b_F7:eT@&~:5E<87Xb_9*WgeM;=<?ee_58V@pFM;A7X@ES 5FM>_;kFTS7:ey9{bMp_e_bMp_7ey;ZWo7Xb_9oTz_9{587:e_@97:e_5?Fb_F
7:e_bW{@geM;=<e e_58V@!SM;AV_;vS_@ES7:e_@V59ﬂ;=bMp¡Wﬃj@Eb_j_f=@rW2t2
ﬂ & © ª_©ﬂ«yª_zM®¢bFTS_bF ·r9{@E<Eb_9{S-Wﬃ;F!Rﬀ@@ESMe_5?59{<?eM;CV@rWŁOq­d ´_[M]
ﬂ 
G@?jb_9o7Ł«yQ Z4¡G   zTUF_@rWD<Ebﬀ59{<?eM;CV@rWŁO(K-QJI [_z ¡   «m]2
ﬂ. ¡RP@E@ESMeT5?5?9{<?ey;AV@mWŁO ­  [_ªM]2?RP@E@ESMeT5?+7:9ﬂ;=@S7Xbj_9{b_jb WD@!@9ﬂF_5?fv W6F_5?@&~:b_97:e_@!<b ;A7q7X@E@Ez

















<Eb_F-W{b_f=587:;vbFTz\7:e_@uSM;k9{@E<27:;=bFwb_~!5!B{bMp9ﬂF_5?fvz\7:e_@uQ5?eM;=@9*WS_ I ;Wo7Xb_;k9{@ﬀb_F_SM;=5f=@ Z  I,bTg,@8V@?9{zŁJb_9ﬂ9{@rW  b-S_@27
7:9ﬂ;=@ES	7Xbe_52V@ey;k s5E<?>zg;A7:e G;AV@27Xz5rW¢<Eb_9ﬂ9{@rWXjbFTS_@?Fr7{W¢b_~¶7:e_@@ESM;A7Xb_9ﬂ;=5f<Eb_  ;C7q7X@E@Ezsyp_77:e_@5?FWog,@?9\g,5rW
F_b¡Z2ﬂMxe_@?Fac@8syV_9{@ SM;v@ESﬀ;kFh ^-«y´_z- §b9{5lmYMZﬂ¢9{@?@?s@?9{@S	ac@8sMVT9{@E WŁj5?9o7:;=<;kj587:;=b_F 7Xb	7:e_@!~q;k9*Wo7\5rW*WD@?sTfA
b~ﬃUF_@rWD<Eb-zg ;C7:eﬀ&fCp"527ŁeM;ZWWﬂ;=S_@Ezey;ZW)j5?9:7Ł;kF	7:eT@0a¡9{@?FT<?e@F_<8T<?f=b_j5E@ESM;v5Ez;kF	7:eT@ Q)N2Ku5?F_S	7:eT@0G@8VMp$@ S_@
KMMFm7:e_@rWD@ g ;C7:ei@?9ﬂ9{zﬃ;kFi7:eT@b9ﬂ5FM;klm527:;=bF b_~&W{<?;v@?Fr7:;k~q;v<	9{@rWD@E5?9{<eg;A7:eaŁ¬2b_fk;=bM7 ﬂQJp9ﬂ;=@P5?F_Si¬-46@?9ﬂ9ﬂ;kF$-I@
9{@?@s@?9D@ESey;ZW)7:eM9D@E@_@5?9*W{E~q;k_em7Ł~:b9K-QJI ·¡t)NJg5Fr7ﬃ7Xbﬀg 9ﬂ;C7X@e_@?9D@0g5mW)e_5mWJs@@?Fﬀey;ZW)bWo7ﬃs@E58p_7:;k~Zpf




<Eb_F_SM;A7:;=b_F_@S syi7:ey;ZW S_@?b<?9{527:;=<E_@E5rW:p9{@_· ac@2sMV_9D@E W W{@?f~ ﬂ@?~q~:5E<E@@?Fr7(-xe_b<E5Fi;k,5?_;kF_@e_bMg e_5?9{Sue_5rW
s@E@F ~:b9ﬃey;k+7:eM;W)W{@?f~\WD5E<?9ﬂ;~q;=<E@!mt2Z  2




j_9{bSrp$<87:;=b_F_z~:b9h7:eT@+~q;k9*Wo7£<Eb_Fr7X5<87{W;kF¦7:eT@" ^_©_ª-W5rWhg,@?fkfL5rW7:e_@  ^«  ´¦@E@27:;kFMW8·	ﬃe_@S_@8s587X@
Oﬂb_9ﬂ5?FM;lm@ES,syuK_¸ﬀK_]2 6pjb_FW{b<?;=5?f;k j_f;=<E587:;=b_F-W¢b_~ﬃ587Xb_ ;=<&sb_s$W{zMg ;A7:eaŁr¬bf;=bT7 XQ¢p9X;=@Ez_³&p@?9{zM!@9ﬂF_5?f
5?F_Shf=5E<?>@27q7 ;kFnWD@?jM7X@?s@?9 ^«yz7:eT@³K<8 <Eb_FM~:@?9D@?F_<E@u;kFh~:@8sT9op$5?9o ^´ pjb_Fnt2K<?;=@F_<E@d5F_S7:e_@
Z Łﬃe_@!Q5?ey;=@?9*WŁS_ I;ZWo7Xb_;k9{@&,bFTSM;=5?f=@ 5?fW{b	jMp_sTfk;ZWXe_@ES7:e_@W:p$<E<E@rW(Wﬂ;AV@!Q5?9ﬂF_@;k9{b W69{@?jb_9o7{WŁ58sbTp_7¡7:e_@W:7X587X@
b~7:eT@gb_9ﬂ>z5?F_SbM7:e_@?9UF_@rWD<EbﬀS_b<8p@Fr7{WŁ58sbTp_7¢KQJI 
Z2-G;AV@87¡7XbﬀŁb9ﬂ9D@rW  bS_@87Xzﬃ  :ª_©ﬂ«¡ z5?FTS	Łb_9ﬂ9{@rW  b-S_@87¡7Xb G&;CV@876©_ª:ªX«¡ m¹UF_@mW{<EbP5?9{<?ey;AV@rWDz
KQ¢I   z ¡C^ O? 2]2EG;AV@87¡g9{bM7X@_·-to@?;kFyz8B{b_;kFm7:fAg;A7:e  _9{@587c~q9ﬂ;=@?FTS7:eT@4c9{b~:@mW*W{b_9ac@8syV_9{@zT7:eT@
j_9{b_bT7X@2p9Łb~7:eM;Wﬃj_9{b2B{@E<87XzMU FT@rW{<b,7:e_bMp_er7c;A7ŁWXe_bMpf=S<?e_bb WD@7Xb	9{@5?fk;klm@&;C7ﬃ57XbM7X5?fkfC FT@8g<Eb_  ;C7q7X@E@Ez
g eTb WD@&;kFr7X@Fr7{WﬃNﬃ;k_FTb9D@MNﬃeT58V@&bb-S 9{@5rW{b_F-W7Xb s@?f;=@8V@7:eT587¡7:e_@8,<Eb_ j_f=@87X@fASM;~q~:@?9ﬃ~q9{b_+g eT587¡ac@8sMVT9{@




 §b9{5lmYEzMac@8sMVT9{@!bMs_;A7qp$5?9:_z_;kFQ5?ey;=@?9*W\S_ I;ZW:7Xb;k9D@&bFTSM;=5?f=@ O ^-«y´M]{zTVbf  NXNﬂN{z_j_j¡v«_«y©{«_«y[
ZK@E@&~:bbT7:FTbT7X@&F  _ E`L·¹ b_9{5?l¹@&j_9{bTs58s_fC 9{@~:@?9ﬂ9{@ES7Xb UK;kFr7X@9oV@?Fm7:;=b_F-W2
Z  ﬃNosT;=S_z_j¡v«_«y´
Z ¬+Q)9{bMg7:eT@?9ŁO? ^_[_ªM]{zbj¡C<?;C7( z_j_j¡  ´  [
 ^













j_f=58Tzﬃ5?Fg ey;=<?eg@5?ff g,5?Fm7Xz5 _9{@E587S_@E5?f¡b_9{@@?~q~:b_9o7¢p¡Wo7Łs@ jMp_7¢;kFr7Xbg;kFyFM;kFy7:eT@	5<87:;AV@ﬀW:pj_jb9o7b_~
HJ@E<8p_7:;AV@@?s@?9*WŁs@?~:b_9{@?eT5?F_St2 2\eT@ 5?_9{@@?@?Fm7ﬃg5rW5E<E<E@jM7X@ESﬀ;kF&B:pfA ^[_z5?FTSﬀQ)9{bMg7:eT@?9W{@?Fm77Xb
 @8T;=<EbP5rW*WD@?s_fC5rW\5?FbMsW{@9oV@?9¹acb_9@8y9{bMp_7:e_zmRﬀ@E@SMe_5?¤ey;kﬀW{@fk~¡9{@?j_9{@rWD@?Fr7X@SaŁKM¨
 5?Fm@?b_9ﬂ;=5?fW	g,@?9{@wb9ﬂ5FM;klm@S¡·  « :ª [O*Kb_9osb_FMFT@?]~:b9 ®¢5?Fy@8V_;kF$JNﬂFh®¢b_F_S_b_F_z5?fZWDb}~:b9
®¢5?FM@2V_;kFig;A7:ei7:eT@,5?9 £;kFM;Wo7X@?92³!5;kFi;F465?9ﬂ;W!O*Kb_9osb_FMFT@?]&~:b_97:eT@ ªr7:e 5?FM;CV@?9*WD5?9o b_~JGp_7:e_@?9X~:b9{S_ W
S_@E587:e ;kF ^[_z¶pF_S_@97:e_@j587:9{b_F_5?@Pb~Ł7:e_@ito4c9{@mWﬂ;=S_@?Fm7S_@	fv5,G@?jMp_s_f;=rp$@Mt!5?FTSdb_~J7:e_@utﬂ³<E5ES_@? ;v@ﬀS_@rW
K<?;=@?FT<E@Mt{z¡5?F_S©_ª_ª_ªﬀj59o7:;=<?;kj5Fr7{W2ﬃe_@rWD@@?,b9ﬂ;v5?fZWJg,@?9{@~:5? ;kfAP@@87:;kFMW¢~:b9Ł7:e_@rWD@09ﬂ;A7:;ZWXe5?FTS,a¡9{@F_<?e
W{<?;v@?Fr7:;ZW:7{W{z!5?FTS3WﬂeTbTg,@ES}eTbTg ;kFWo7:;A7qp_7:;vbFT5?fk;klm@S§7:e_@8eT58V@ds@E<b@z!5rWP5d9{@rWopfC7b_~07:eT@?;k9P<Eb_  ;A7:,@?Fr7{W
Srp9ﬂ;kFyi7:e_@g,5?9ﬃe_@<Eb_f=SLg,5?9j_9{bSrp$<E@ESﬀ7:e_@?;9,5?9ﬂ_;kFT5?fk;klm527:;=bF ·@?9ﬂF_5f g,5rW@8Tj@?fkf=@S~q9{b_|7:e_@³!³K
<EbMpF_<?;kf587 7:eT@h@?FTSnb~  ^^n5?F_SaŁ)¬2b_fk;=bM7 ﬂQJp9ﬂ;=@dg5rWjMp¡WXe_@ESbMp_77:eT@QJH¢³ b_F  ^5?j_9ﬂ;kf ^-«yª)ﬃe_@
j_9{@87X@8y7{Wdg@9{@+Wﬂ;k ;f=5?9·j_9{b ULK¡KTG±S_@?f=5?9D587:;=b_F-WdgeM;=<?e+g,@?9{@x<EbFWﬂ;=S_@9{@ES¤5rW ;kF_<Eb_ j587:;Cs_f=@§g;A7:e17:e_@?;k9
b~q~q;v<?;=5?f_~ZpFT<87:;=b_F-W2
Z ﬃ;AsT;=S_z_j_j¡  [    [_´
Z 
;AsT;=S_@?
Z  ﬃﬃe_@ tﬂ³ W(W{b<?;=587:;=b_FS_@rW\\9{52V5?;kff=@8p9*WK<?;v@?Fr7:;k~q;vrp$@rW2tŁOo³K_]ﬃ;ZWŁ5&_9{bMpj g ey;=<?e eT5rWs@@?F<?9{@587X@ESSrp9ﬂ;kFy
7:e_@G@rWX;ZWo7X5?FT<E@!5rWŁ5sT9{5?FT<?eb_~ 7:eT@ toa¡9{b_Fr7cF_527:;=bFT5?fMUFM;AV@?9*Wﬂ;C7X5?;k9{@Mt2
Z ¡RP@E@ESMeT5?+7XbﬀQ)9{bMg7:eT@?9{z ª:ª ^[?RP@E@ESMeT5?5?9{<?ey;AV@mWŁO ­  [M]2
©_ª
\eT@,~q;9*Wo7¢@?F_@9{5?fc5rW*WD@?sTfA7Xb-b_>j_f=5E<E@;kF	4c9{5?Mp$@y  {zW{@jM7X@?s@9  ^´_z¡5?F_S	7:eT@ SM;k~q~q;=<8pfC7:;=@rWJg,@?9{@
5?fk9{@5ESr¤Fmp@?9{bMp¡W· SM;k~q~q;v<8pfA7:;=@rWdg;A7:e+UF_@rWD<EbzﬀSM;k~q~q;=<2pfA7:;=@rWd7Xb¦,bTsT;kfk;klm@15nF_@2g @?F_@9{587:;=b_F¤b_~ﬀTbTpFy
W{<?;v@?Fr7:;ZW:7{W{zSM;k~q~q;=<8pfA7:;v@rW 7Xb}~q;kFTSh;A7{WbMg FWﬂj5E<@s@87qg,@E@?FU FT@rW{<b}5?FTShN{Q!KMUz<Eb_ j_fk;=<587X@dS_@8s587X@rW52sbMp_7
~q9{@E@ES_b_ 5?F_S¤j_f=5?FyFM;kFy|b_~W{<?;=@F_<E@M³K<8 5?f=b_F_@n9{@j_9{@rW{@Fr7X@ES+;kF  ^`1b_9{@§7:e_5F+e_5fk~ub~ﬀaŁKM
@?s@?9*W
Qb_f=S}g,5?9uS_@E@?j@?FT@ES}7:e_@<?9X;ZWﬂ;ZWPs@87qg,@E@?Ffk;As@?9{5?f5?F_S3WDb-<;=5?fk;ZW:7W{<;=@?Fr7:;Wo7{W{z!5F_S}jMp_7P5F_Sn@?FTS§7Xb
jbjMpfv5?9d~q9{b_Fr7 5rW(W{b<?;=587:;vbFW2\eT@§b9ﬂfvS¤Qb_FM_9D@rW*Wb~NﬂFm7X@?fkf=@<87qp$@?fZW 2ﬀ~:b_9i46@E5E<E@O x9{b<?f=58g,z 58pMp¡W:7
 ^`m]{z7Xbg ey;=<?ehIp__f=@8§Oﬂb_FeM;ZWPbMg F5F_SF_bM75rW 7:eT@de_@E5ESb_~&UF_@rWD<Eb]Dz¢@?9XF_5?f5F_ShN2ﬃ¬2b_fk;=bM7 ﬂQJp9ﬂ;=@
j5?9o7:;=<;kj587X@ES_zﬃe_58V@	s@E@Fi7:e_@iW:Msb_fŁb~)7:eM;W&9opjM7qp9D@M-Gp¡W*Wﬂ;v5?FdS_@f=@?587X@rW9{@?~Zp¡WD@ESd5?ffﬃ<Eb_ j_9{b_ ;ZWD@rWg;A7:e
F_b_Fﬂ<b pFM;ZW:7ﬃ;kFm7X@?fkf=@E<27qp$5?fZW¢5?F_S~:b9D<E@ESﬀ5!9{@rWDbfCp_7:;=bF,5?fk;k_FT@ESg ;A7:e7:e_@ULK¶KMGSM;kj_f=b_5E<8$ X2¹Ip__fv@8SM;vS
F_bM7ŁWﬂ;k_FT@ES7:eM;ZWﬃ9D@rW{b_fAp_7:;=b_F
NﬂF1 ^-«yª_z\}a\KT W5?_9{@E@?,@?Fr7g ;A7:edUF_@rWD<Ebh;ZWjMp_7&7Xb5Fh@F_S³K<8 g5rW058sbMp_77Xbf=@E52V@	7:e_@
~:@ES_@?9{527:;=bF$ 2³<E<b9{SM;FMﬀ7Xbﬀ!@9ﬂF_5?f    {z-aŁKM ;ZW<?9ﬂ;A7:;v<?;klm@ESﬀ~:b_9;A7{WŁ;kFT5E<87:;=b_FP5?F_S;A7{W¢@8M7X@?;ZWo7cV_;=@8gPW2maŁ
¬2b_fk;=bM7 ﬂQJp9ﬂ;=@15E<E<@?jM7X@ES¤5?Fr <Eb_F_<E@rW(Wﬂ;=b_F-Wd7Xbj_9{@8V@Fr7u7:e_@nS_@?j59o7qp9{@nb_~³K<8¤&p_7 5?~Z7X@?9u7:e_@  _FTS
5rW*WD@?sTfA1Oq4ﬃ59ﬂ;ZWu5?FTS}49D5?Mp$@Ez5?j_9ﬂ;kf ^-«¡ 2]{z&7:e_@5SMe_@rWX;=bFxb_~KbTVT;=@87 pFy;=bFW<e_5?Fy@ES§7:e_@w@Erp;kfk;Cs_9ﬂ;Ap







µEŁ 3':':3)5 %0;<@$24 6
³!fkbWo75?fkfŁbMp9<?e_59{5E<87X@?9(W&g@9{@ﬀ@?s@?9*Wb_~)7:e_@5E<5ES_@? ;=<@fk;A7X@_·¡Q5?s_9X;=SM@	@F_z¶aGKz¶465?9ﬂ;ZW
U Fy;AV@9*Wﬂ;A7qLj_9{b_~:@rW*WDb9*WDz¶~:@?ff=bTgPWb_~7:e_@Ptﬂ³<E5ES_Y? ;v@ S_@rW!K<?;v@?F_<E@mW2t{z¡@8V@F RPbTs@?fj_9ﬂ;kl¹@rW)~:b_9&W{b_@ b_~7:e_@
  ﬃNﬂFm7:9{bSrp$<87Xb9:G@?jb_9o7¡sM¬2Q9DbTg7:e_@?9ŁORﬀ@E@SMe_5?5?9D<?eM;AV@rW{z © ^M]{zﬃ ªﬀW{@?jM7X@?s@?9! ^`
 2
bfvS-Wﬂ ;A7:e,O? ^_[_´M]{zbj¡y<?;A7( z_j_j¡  E`  E`y[
 ﬂŁQ)~{EIp_Tf=@8,O? ^_[_©M]{zbj¡y<?;A7 
 ﬃNosT;=S_z_j_j¡  [-« E`yª
    §@E@87:;kFyz-S_@E<@?s@9! ^-«yª_z;kF4ﬃ59ﬂ;ZW{zMs@27qg@E@F@?9ﬂF_5f=z-Q)9{bMg7:e_@?9{zM;=rp$5?9{S5?FTSaŁr¬bf;=bT7 XQ¢p9X;=@Mm¬2b_fk;=bM7 
QJp9ﬂ;=@!5?9{<eM;AV@rWŁO a _]DzNﬂFWo7:;A7qp_76QJp9ﬂ;=@zT465?9ﬂ;W2
  
aŁKM.<?fv5?;k@ES ~:b_9  z=ª_ª_ª,,@?s@9*WŁ587¡4c9{5?Mp$@Ezﬃ ^`yz_5?;kFyfA ;F9ﬂ;A7X5?;kF,5?F_Sa¡9{5F_<E@MmNﬂFd ^-«¡ z_;kF
465?9ﬂ;ZW Z4c9{5?Mp$@EzM7:e_@7XbM7X5?f5?,bTpFm7ﬃb_~¡@?s@?9*Wg,@?Fm7¶pj 7Xbz ª_ª_ª_zMg;A7:e  ^_z=ª_ª_ªQey;kF_@mW{@W{<;=@?Fr7:;Wo7{W2y!FMfA










b~7:eT@jb_fk;A7:;=<E5f¡<Eb_  ;A7:@Fr7¢b_~;kFm7X@?fkf=@E<27qp$5?fZW2T\eT@,W:Msb_fk;=<!~ZpF_<87:;=b_FPb~65?F;kFr7X@fkf=@E<87qp$5fg,5rWŁ5?@ES pjbF
eM;ZW<9ﬂ;A7:;=<E5f52p_7XbFTbTzc5?F_Sﬀ7:e_@8Pj5?9:7:;=<?;kj587X@Sﬀ5?;kFyfA7Xbj@?9X;kj_e_5?f$f=@?~Z7¢b_9ﬂ5?FM;lm587:;=b_F-WDz f;k>@07:e_@Pto®Ł;kMp$@ S_@rW
­ 9Db;A7{WS_@	fv I,b_ @Mt!b_97:eT@ﬀQ)¸Nﬂ³-­ ;9{@E<87j59o7:;=<?;kj527:;=bF7Xbdjbf;A7:;=<E5?fcj5?9o7:;=@mW!Oﬂ5F_S7Xb@?f=@<87:;=b_F-Wﬂ])g,5rW5?F
@8<@?jM7:;=b_F7:;kfkfM7:eT@!@?F_Sb_~ 7:eT@ﬀ ^_©_ª-W2
ac5?9~q9{b_ s@?;kFyi;ZWDbfv587X@ES~q9{b|7:eT@?;k9<Eb_fkf=@E5?Mp$@mW{z 7:eT@rW{@ﬀWD<?;=@?Fm7:;ZWo7{W)s@E<E5?@@?s_fv@?587:;=<j@Ebj_fv@~:b9
5f=5?9X@j5?9o7¢b_~7:e_@	WD<?;=@?Fm7:;k~q;=< <b pFM;A7q$\eT@?;k9Jg,@?9{@;kFrVbfAV@ES_z;kF 9ﬂ;A7X5?;kFP5rWﬃg,@?fkf$5rWŁ;kF a¡9{5?FT<E@Ez-;F,ge_527
1@9*Wﬂ>@8¨<E5fkfZWt*WD<?;=@?Fm7:;k~q;=<}jb_jMpf=5?9 ~q9{bFm7{W2t{zf;k>@£7:eT@§³K<8z07:eT@£­LK_NoGK q&³!³Kz07:eT@£a 9{@?F_<eUFM;vbF






³!fkfPbTp9w<?eT5?9{5E<87X@9*We_58V@}s@E@?F¨<Eb_  ;A7q7X@ES37Xb+7:e_@xS_@?~:@?F-WD@nb_~dW{<?;=@F_<E@Ez ;A7{WS_@8V@f=bj_,@?Fr7Xz ;A7{W
~ZpF_SM;kFyW¢5?F_S;A7{W¢b9ﬂ5FM;klm527:;=bFTz5?FTS7Xb 7:e_@!@?j_f=bTy@Fr76b~ﬃWD<?;=@?Fm7:;ZWo7{WrNﬂFa¡9{5?FT<E@7:e_@8g,@?9{@!587¡7:e_@&eT@E5ESb_~










9{@?;kFy~:b9D<E@ES;A7(\eT@i ^_©_ª-W)eT58V@0s@E@?F7qMj_;v<E5?f¡b_~Ł59{@rW:p9ﬂ@?FT<E@ b_~7:9ﬂ;=b_ j_e_5?Fm7Łjb WX;A7:;AVT;ZWﬂ&p9)j_9{b__9{@rW(Wﬂ;ZW:7
W{<?;v@?Fr7:;ZW:7{Wﬃg@?9D@587c7:e_@!e_@E5Sﬀb_~¶7:eM;WJ,bTV@?@?Fm7(_\eT@p¡WD@rW 658sMp¡WD@rWŁb-S_@fg,5rWﬃpF_<?eT5?fkf=@FM@ES_ŁbﬀbWo76b_~
bTp9<e_5?9{5<87X@?9*WDz67:eT@58sMp¡WD@rWb_~0WD<?;=@?FT<E@ﬀ ;k_em7s@iWopj_j_9D@rW*WD@ESsM 5W{b<?;=5?f;ZWo7b_9ﬂ5?Fy;klm587:;vbF b~W{b<?;=@87qTz¶7Xb
g ey;=<?eTz-~:b9W{b_@bT7:eT@?9*WDz¶WﬂeTbTpf=S s@!5ES_S_@S7:eT@&j_9{@ES_b_ ;kFT5?F_<E@!b_~¡jMp9{@W{<;=@?F_<@!bTV@?9ﬃ587X@?9X;=5?f5?j_j_fk;v<E587:;=b_F-W
5?F_S7:e_@WDb-<;=5?f9D@rWﬂjb_F-WX;As_;kf;A7qub_~WD<?;=@?Fm7:;ZWo7{WHŁV@?F;~)SM;k~q~:@9{@?F_<@rW@8_;Wo7X@ESﬀs@87qg,@E@?FubMp9<?e_59{5E<87X@?9(W{z5F_S;k~:z
~:b9;kFWo7X5?FT<E@Ez!@9ﬂF_5?fv WjbWﬂ;C7:;=bFeT5rW)s@@?FdWop_sB{@E<87ﬃ7Xbu@8Vb_fAp_7:;=b_F-WDz-7:e_@8s@fk;=@8V@ES	7:e_587WD<?;=@?FT<E@eT5ES	s@E<b@
7:e_@i,5?;kF}WDb-<;=5?f)~:b_9{<E@Ez5?FTS7:e_587;C7&g,5rWjMp¡WﬂeM;FMh;F7:eT@9X;k_er70SM;k9{@E<87:;vbF$¶@?9ﬂF_5f= W 5F_Sa\¬2b_fk;=bM7 ﬂQJp9ﬂ;=@E W















Qb pFM;ZW:7j59o7:;=@rW¹46b_fk;A7:;=<E5f<Eb ;A7:@?Fm7{WŁb_~@fk;A7X@W{<;=@?Fr7:;Wo7{Wg,@?9{@!<Eb_ j587:;Cs_f=@g;A7:eﬀWD<?;=@?Fm7:;k~q;=<!<E5?9D@E@?9*W
 bWo7b~)7:eT@? b_~q~q;=<?;=5fkfA <?f=5;k@ESi~:b_9 §5?9oT;ZWo7j_ey;kf=bW{b_j_erTz¶sMp_7bFT@ﬀ<E5?F 5rWX>d;k~);A7¢g5rW7:e_@P5E<87qp$5?f
j_eM;kfvb WDbj_emdpF_S_@?9XfAy;kFM7:e_@?;k9W{<;=@?Fr7:;~q;=<Lg,b_9ﬂ>b_907:eT@?;k99{@?j_9{@mW{@?Fm7X587:;=b_Fhb_~!W{<?;v@?F_<E@y   4c9{@?FT5?Fr75?FTSd¬%K
I5f=S_5?F_@y   ﬀ7:9ﬂ;=@SxsbT7:e7Xb+<Eb_s_;F_@s_;vbf=b_Mx5?FTSnSM;=5?f=@<87:;=<,587X@?9ﬂ;=5fk;ZWﬂ ;kF7:e_@3 ^_©_ª-WL5?FTS¦ ^ª-W{zsyp_7
  @?FW{58p$S_@ :¸;kFT<E@?Fm7ﬃO ^-`y[M]{z-b_j¡y<?;A7( zj_j¡q _   ? _ [
   K@E@&~:b_9ﬃ;kF-W:7X5?F_<@&¬%K,I,5?f=S_5F_@EzM®¢5 K<?;=@?FT<E@!@?F 59{<?e_@ zT465?9ﬂ;W{zM4¶Uaczﬃ ^-«  z-5!<bfkfv@E<87:;=b_Fb_~\WXe_b_9o7
5?9o7:;=<f=@rWﬃjMp_sTfk;ZWﬂeT@ES ;kF FT@8gﬀWXj5?j@?9*W8·-to­;=5?f=@E<27:;=<E5?f_527X@?9ﬂ;=5?f;ZWﬂ¤;ZW\5&@87:e_bS ~:b,7:ey;kFM>_;kFyP5?F_S5E<87:;vbFTz-5?FTS F_bM7
©_©
WﬂeTbTg,@EShb_9{@i9{@mW{@?9oV@d5?~Z7X@?9!®ﬃW{@?Fy>b- W<E5rWD@MRP@E@ESMeT5?    W{52g²SM;=5?f=@E<27:;=<,587X@?9ﬂ;=5fk;ZWﬂ ;kFd7:e_@tﬂf=@8V@?fZWb_~
b9X5?FM;ZWD587:;=b_Ftb_~i7:eT@3fk;AVT;kFMgb_9ﬂf=Sp_7~:b_9aŁ ¬bf;=bT7 XQ¢p9X;=@3ey;kﬀW{@fk~:zﬀ;A7dg,5rWb_9{@15?F¤;=S_@Eb_f=b__;=<E5?f
j_9{b<?f=5?527:;=bF7:e_5Fd5j_9{587:;=<E5f¶7Xbbfc~:b9eM;ZWW{<?;v@?Fr7:;k~q;v<,g,b9ﬂ>¡_®¢5?FM@2V_;kFT W5F_S¬E46@?9X9ﬂ;kF_ W) §5?9o_;Wﬂ  eT58V@
s@E@FS_@E<Eb_F-W:7:9op$<87X@ES@?fZWD@8ge_@?9{@zJ5?FTShW{<?;=@Fr7:;k~q;=<ﬀ;vS_@E5?fk;ZWX 5?F_Sdemp5?FM;Wﬂ 5?9{@b_9{@ﬀ<Eb_F-WX;ZWo7X@Fr7)g;A7:e7:e_@?;k9
5E<87qp$5?f_j_ey;kf=bW{b_j_er$E!@9ﬂF_5?fv W6;=S_@E5rWﬃ;F 9{@?f=527:;=bFg ;A7:e 5?9oT;ZWﬂ59{@&j_9{bMs58sTfA ,b9{@!<bFm7:9{bTV@?9*WX;=5?fq   2
acb9)7:eT@?z  §5?9oT;ZWﬂ W{@@?ﬀW)7Xbi9{@Srp$<E@bWo7:fA7XbdW{b_@	WDb-<?;vb ﬂ@<EbFTb;=< S_@87X@?9X ;kFM;Wﬂ¦pFTS_@?9ﬂfAy;kFy
7:e_@?;9,VT;ZWﬂ;vbFb_~	WD<?;=@?Fm7:;k~q;=<S_@8V@?f=b_j_@?Fr7(acb_9 ;kFWo7X5?FT<E@EzJge_@?F7:9{5?F-WXf=587:;kFyh@?9ﬂF_5f= W ;kFm7:9{b-Srp$<27:;=bF7Xb}ﬃe_@
Kb-<?;v5?fapF_<87:;vbFub_~&K<?;v@?F_<E@ z ®¢5?Fy@8V_;kFu<e_bW{@t2K<?;=@?FT<E@5rW5 ~:5E<87Xb_9)~:b9Ł7:e_@b_9{5?f 5?F_SiWDb-<?;v5?f¡@8VbfAp_7:;vbF$t
5rW&7:eT@	7:;A7:f=@b_~ey;ZW<Eb_FM~:@9{@?F_<@M¶³<<Eb9DSM;kFMd7Xb@?F-WD58p$S_@ o¸;kF_<@?Fr7(  qz)to®¢5?FM@2V_;kFu>@E@?jWpF_<Eb_F_<@?9ﬂF_@S
g ;C7:e}@?9ﬂF_5f!@8Tj_fk;=<?;A7	587q7X@? jM7 7Xb1<Eb_F-WX;=S_@?9Pj5rWo7P5F_S}j_9{@mW{@?Fm7W{<?;v@?F_<E@w5rWL5?F};F-Wo7:;C7qp_7:;=bFxS_@?j@?FTSM;kFMbF
@8_;Wo7:;kFyWDb-<?;v5?fcb9{S_@9&5F_S;k j_9{@?_FT587X@ESﬀg ;C7:eﬀ7:e_@	WXj_;k9ﬂ;A7¢b_~ŁS_b;kF_5?Fm7¢<?f=5rW(W{@rW_³!~Z7X@?9{zfk;k>@0s@?~:b_9{@Eze_@b@rW
bFwW{58y;kFy7:eT587W{<?;v@?F_<E@S_@27X@?9ﬂ ;kFT@rW&7:eT@b9ﬂ5FM;klm527:;=bFb~!W{b<?;=@27qt2®¢5?Fy@8V_;kFT W5?9{S_@?Fm79{587:;=b_F_5?f;ZWﬂ ;ZW7:e_@
>@8n7Xb+ey;ZWu;kFr7X@?9D@rWo7L~:b9 5?9:_;ZWXz;=S_@?Fm7:;k~Zy;kFMW{<?;v@?Fr7:;k~q;v<h9{587:;=b_F_5?f;ZWﬂ.5?FTS1SM;=5?f=@E<27:;=<E5?f!527X@?9ﬂ;=5?f;ZWﬂ)
S_@8V@f=bj_;FMdW{<;=@?F_<@Ez<E5?j_;C7X5?fk;ZWX WXe_bMg@ES 7:e_@!jb W(Wﬂ;AsT;kfk;A7q	b~65?F pFM;AV@?9*W{5fg,@?fk~:5?9D@EzsMp_76;A7{WW{b<?;=5?f¡Wo7:9:p$<87qp9{@rW
bj_jbW{@	7:eT@ﬀ9{@E5?f;klm587:;=b_Fb_~J7:eM;Wg,@?fk~:5?9D@M¡Q5?j_;A7X5?fk;Wﬂ 7:eT@?F <?9{@E587X@S7:e_@P<EbFTSM;A7:;=b_F-W~:b9;A7{WWop_sW:7:;A7qp_7:;=b_Fsy
5?F_bM7:e_@9§WDb-<;=5?fWoWo7X@ ;F+g ey;=<?e|W{<;=@?F_<@3<bTpf=SS_@8V@?f=b_j|5?ff	;C7{Wds@?FT@?~q;=<?;=5f	jbM7X@?Fm7:;=5?fk;A7:;v@rW2No7{WW{b<?;=5?f
Wo7:9op$<27qp9{@rWOof=bb>_;kFyd~:b_9&j_9{b_~q;A7:]!5mWg,@?fkf65rW&;C7{W&;=S_@bf=b__;=<E5fﬃb_F_@rWO 7:e_@P5?jb_f=bM b_~);kFTSM;AV_;vSrp$5?fk;ZWX ]s@E<E5?@
5?Fr7X5bFy;ZWo7:;=< 7Xbi7:e_@	j_fv5?;kF S_@8V@?fvbj_@Fr7b_~&W{<;=@?F_<@	5F_Sﬀ7X@E<?eMFy;=rp$@rW  ﬂ2_acb9:7qpF_587X@?fC_zUK¡KMGz sydWﬂeTbTg;kFy
e_bMg|WD<?;=@?FT<E@&;ZWp¡WD@ESsMPW{b<?;=5?fk;Wﬂz_j_9{bMV_;=S_@rW\5?F jb_fk;A7:;=<E5f5?fA7X@?9ﬂFT587:;AV@&~:b9ﬃf=@~Z7JWD<?;=@?Fm7:;ZWo7{W
G_ﬃ @&243? )ﬂ;<24-.6	' %)$" 5@$)$?=;<-83)&%098-867'
0FyfAuRP@E@ESMe_5 WD@E@?@ESd7Xbhe_58V@ﬀ5ES_@5<?fv@E5?9SM;kFWo7:;kFT<87:;=b_Fis@87qg,@E@?Fu1@rW:7X@?9ﬂFOq7:e_@ﬀeM;Wo7Xb_9ﬂ;=<E5?ffA
<Eb_Fr7:;kFy@?Fr7Łs_;k9:7:e9{@?_;=b_FM]5F_SﬀbS_@?9ﬂFLb9JpFy;AV@9*W{5?fcW{<?;=@F_<E@ Oq7:e_587Ł9{@mWopfA7X@ESﬀ~q9Db¦7:eT@ <Eb_FM~qfAp$@F_<E@ b_~ﬃ5?Fm
Wﬂ5fkfJ9X;AV@?9(W;Fr7Xb7:e_@dW{@5?]2¡³ W W{bbF5rW ^_©_[_zﬃe_@ﬀj_9{b_jb WD@ESi7Xb§W:7qp$SrQ)eM;F_@rWD@<EbFm7:9ﬂ;Asyp_7:;=bFu7XbbS_@?9ﬂF
5!S_b_,5MrN:7;WŁSM;k~q~q;=<8pfC7¶7XbW{@E@&eTb-bMg¤;C7ﬃ<bTp$<ES ;kFy~qfAp$@?FT<E@!S_@E<?;ZWX;=b_Fo5>_;kFMWﬃ;FﬀWop$<?e,<EbFm7:9{bMV@?9*WX;=@rWt
O ®ﬃW{@?Fy>b,V@?9*Wop¡W6¸ 58VT;kf=bMV_]{z_j¡   ª
   RP@E@ESMeT5?¤j_9{@?~:5E<@ES 5?9{<@?fM4c9{@?F_5Fr7X Wsbb_>,;=b_f=b_M5F_S 5?9:_;ZWX zT®¢b_F_S_b_F_zﬃ ^_©-`
  K@E@@?FW{58p$S_@ :¸;kFT<E@?Fm7ﬃO ^-`y[M]{z-b_j¡y<?;A7( 5?F_S 59o	o¬2bR,T@ t2K<?;=@?FT<E@!5?FTSKb<?;=5?f;ZWﬂu·y\eT@!Q5mW{@!b_~
¬2@E5F46@?9ﬂ9ﬂ;kF;kF7:e_@!ﬃeM;9{SG!@jMp_s_fk;=<yt{z;kFa¡9{@?FT<?eI;ZWo7Xb_9ﬂ;=<E5f¡KT7qp$SM;v@rW z^O? ^_[-«m]{zﬃ  ﬃ  ? ´_^
   I;kf=5?9:5?FTSKT7X@j_e_@?FGbW{@Ez¡t{ﬃe_@!gb !@9ﬂF_5?fW{zMG!@2Vb_fAp_7:;=b_F_5?9o,5?FTSG@?~:b_9ﬂ ;Wo7c;kFK<?;=@F_<E@!mt{z;F
apF_S_5@?Fr7X5 K<?;v@?Fr7:;=5@ zTVbf   z_F	(©zﬃ ^-`¡ zj_j¡  ´_[  `y´






W{5?,@!SM;ZWo7:;kFT<87:;=b_Fm³&7¡7:e_@  _F_S NﬂFm7X@?9ﬂFT587:;=b_F_5?fQb_FM_9{@rW(WŁb_~ I;ZW:7Xb9o,b_~JK<?;v@?F_<E@!Oq®¢bFTS_bFTz\ ^_© 2]{zM7:e_@ KbMV_;=@27
S_@?f=@?527:;=bF<?9ﬂ;A7:;=<;klm@ESn;kFm7X@?9ﬂF_5fk;ZWﬂ.@27ﬀjMp_7P;kFm7Xbnfk;k_er77:e_@§WDb-<;=b X@E<Eb_F_b_ ;=<h<bFTSM;A7:;=b_F-Wg ey;=<?e1Wﬂe_5j@7:e_@
W{<?;v@?Fr7:;k~q;v<	S_@2V@?f=b_j_@?Fm7(p_7Ł7:e_@8L>@?jM7b_Fﬀg;A7:e	7:eT@ 5E<E<8ppf=587:;AV@bS_@?f~:b_9)eM;ZW:7Xb9:b_~)W{<;=@?F_<@Ez_;AV_;kFyz
g ;C7:ei7:e_@W{5?@bMV@?@Fr7Xzﬃ5W:pj@?9ﬂ;=b_9W:7X587qp¡W7Xb 7:eT@WD<?;=@?FT<E@	j_9{bSrp$<E@ESu;kFHŁp9{b_j@M-@?9ﬂFT5?f= W!5~q~q;k9ﬂ587:;vbF
7:e_587Lt2K<?;=@?FT<E@d;ZWP5<Eb_fkf=@E<87:;CV@@?Fr7:9D@?j_9ﬂ;ZWD@Ez;A7s@f=bFyW 7Xb}F_bx<EbTpFm7:9ob_99{5E<E@yt,g,5rWj_9{bMs58sTfA7:e_@i,b W:7
<Eb_ b_Fﬀ7:eM;kFy>_;kFM 5?b_FMW{<?;v@?Fr7:;ZW:7{W{zg eT@87:e_@?9) §5?9o_;Wo7b9fk;As@?9{5?f p_7JpFTrp$@rWo7:;vbFy;kFMW{<?;v@?F_<E@ ;ZW5@E5?F
7Xb§fv@?_;A7:;k527X@7:e_@i; jb WX;A7:;=b_Fb_~&7:e_@WD<?;=@?FT<E@ﬀg ey;=<?e9{@E5?ffAw@8T;ZWo7{W!pF_S_@9 <E5j_;A7X5?fk;ZWXz)5?FTSFTbT705?Fdp_7Xbj_;=<
;=S_@E5?fWD<?;=@?FT<E@M
NﬂFd~:5E<87XzHŁp9{b-<@?Fr7:9ﬂ;Wﬂ ;ZW<bFWop_sW:7X5?F_<;=5?f7Xb@?9XF_5?f= W WDb-<;=b X@E<Eb_F_b_ ;ZWﬂ,zJ5rW7:e_@b_9ﬂ5?FM;lm587:;=b_Fb_~
W{<?;v@?F_<E@  s5rWD@ESﬀ;kFTSrp¡Wo7:9ﬂ;=5fW{b<?;=@87:;v@rW¢5?9{@&7:e_@!b-S_@f-~:b_9WDb-<;=5?fk;ZWX  ﬃge_@?Ffk;As@?9{587X@S	~q9{b_¦j_9Db~q;A7(y¸ @?9:~:@8g
fk;kFT@rW¢5?9{@&g 9ﬂ;C7q7X@?F;kFP\eT@	Kb<?;=5?f_apF_<27:;=bFPb_~)K<?;=@F_<E@ 58sbMp_7ŁW{<?;v@?F_<E@&;F F_b_F @rW:7X@?9ﬂF<EbMpFr7:9X;=@rW{z5?FTS,,b W:7
5?9{@9{@?f=@587X@ES;Fr7Xb5~:5?9 oj5rW:7(    2¡!@9ﬂF_5?fŁ;ZW<?f=@5?9ﬂfAFTbT7@8@? jM7X@ESd~q9{b_ <Eb_ b_FiHŁp9{bj@5?Fdj_9{@oB:p$SM;=<E@rW
58sbMp_7F_b_FqHJp9{b_j@E5?FW{<?;v@?Fr7:;ZW:7{W2ULK¶KMG Wop$<@rW*WD@rW ;kF£Q@?Fr7:9{5f)³ Wﬂ;=5u5?9{@9{@?jMp_7X@S7Xbhe_5j_j@?F;kFW{<?;=@Fr7:;k~q;=<
V5E<2p_p   *M §b-S_@?9XFWD<?;=@?FT<E@<E5?FPbFyfA s@SM;k~q~Zp¡WD@ES	~q9Db¤7:e_@&1@mWo7(_Qb_f=bFy;klm587:;vbF;ZWŁF_bM7ﬃ9D@oB{@E<87X@S,s@<E58p¡W{@




@?9ﬂFT5?fO? ^_©_^M]{zb_j¡M<?;C7  &p$bT7X527:;=bFWŁ5?9{@&~q9Db+7:eT@ﬀ ^_´_[	@SM;A7:;=b_FO  ND4c9{@rW(Wﬂ]{z_j_j¡  ª_[  ﬃ ª¹UFr7:;fM7:e_@
@?F_Sb_~7:e_@ﬀ ^r7:e<E@Fr7qp9oTz¡to7:e_@&jMp9*W:p;A76b~ﬃW{<;=@?F_<@g5rW\5?fkbWo76<Eb_FM~q;kFT@ES7Xb,@rWo7X@9ﬂFHŁp9{bj@5?F-WŁ@;A7:e_@?9ﬃ;F
7:e_@?;9ﬃ³!@?9ﬂ;=<5?F<Eb_f=b_FM;=@rW\b9Ł587ceTb@yt2¹­,5?F-W6f=@rWVT;=@?;kfkfv@rWŁ<?;AVT;kfk;ZWD587:;=b_F-WDz¶t*WD<?;=@?FT<E@g5mW)Wop$S_S_@?FyfA,5?F_S









   )t{ﬃe_@&ey;ZWo7Xb_9o,b~7:e_@ KbMV_;=@27¶G@?jMp_sTfk;=<!b_~cQ@Fr7:9{5?f_³ WX;=5WﬂeTbTgPWﬃeTbTg¨9{5?j_;=SMfAPW{<;=@?F_<@!<E5?Fs@sMp;kfA7¡pjP5?FTS
e_bMg@E5@?9ﬂfA;A7c;ZW)WD@?;klm@ESb_FsM,5&jb_jMpf=587:;=b_FﬀWo7X59o7:;kFM~q9{b_5&@ESM;v@8V5?fW:7X5?F_S_59{Sb~c<8pfA7qp9D@Mt2r¬{­+@?9ﬂFT5?f=z
tﬂ³n4ﬃ@9ﬂ5?FT@?Fr7cNﬂFm7X@?9ﬂF_527:;=bFT5?f¡K<?;=@?Fm7:;k~q;=<!Qb_  ;ZW(Wﬂ;=b_Ft{z_;kF!RP587qp9{@ z_F	(©_^_´_[_z\ ª _  2 ^«yz_j_j¡k«_«y[%«_«_`
   
¬@?9{b_@G58V@87:l¹z¶to@?9ﬂFT5?f= W §5?9o_;Wo7c¸;Wﬂ;=b_Fb_~ I;ZW:7Xb9o$t{z_;kF N*WX;ZW zMVb_fqC[ zﬃ ^-`¡ zj_j¡C©_^_© ª ¡E@E<E58p¡WD@
b~¡ey;ZWŁ@E<Eb_F_b_ ;ZWXzM!@9ﬂF_5?f_;WV@?9:g,@E@?>;kFpFTS_@?9*W:7X5?F_SM;kFy 7:e_@!b_9ﬂ;k_;kFb_~¡bS_@?9ﬂFﬀWD<?;=@?FT<E@!Ooj¡C©_^_[M]2m³!F_S
e_@!S_b@rWﬃFTbT7ŁW{@@W{<?;=@F_<E@!5rW\5&@E5?Fb_~c<Eb_f=bFy;=5?fb_j_j_9{@rW(Wﬂ;=b_F¡·-to7:eT@&@?F_b<?;=S_5f_e_b_9ﬂ9{b_9*Wﬃj_9{5E<27:;ZW{@ESsy
HJp9Dbj@E5F ;k j@?9X;=5?fk;ZWXbF;A7{WŁ<Eb_F_rp$@?9D@ES f=5?F_S-W\O g eT587¡g@!<5?fkf_F_bMg ﬃeM;k9DSb_9ﬂf=S_ ]{z_;kFrVbfAVT;kFM 7:eT@
©-«
NﬂF_SM;v5?FhW{<;=@?Fr7:;Wo7{W{z7:e_@;k9@8<fAp¡Wﬂ;=b_Fu~q9{b W{<?;v@?Fr7:;k~q;v<	;kFWo7:;A7qp_7:;=b_F-W-p_7!W{<?;v@?F_<E@ s@?;FMis@?F_@?~q;v<?;=5?f=z¶syuF_587qp9D@Ez
s@E<58p¡W{@db_~&7:e_@W{b<?;=5?fSryFT5? ;=<rW;A7;k j_f;=@rW{z5rWg@fkf5rW;A7{W 527X@?9ﬂ;=5?f5?j_j_fk;=<E527:;=bFW{z);kFw~q;kF_@EzJg;kfkf¢bj_jbW{@
<Eb_f=bFy;=5?fk;Wﬂ 5rW;A7,bj_jbW{@mWP<E5?j_;A7X5?f;ZWﬂŁNo7;ZWF_bM7ﬀW:p9ﬂj_9ﬂ;ZWX;kFMh7:eT@?F7:eT587W{b_@db_~bMp9<?e_59{5E<87X@?9(W{z)fk;k>@i¬
46@?9ﬂ9ﬂ;kFTz¶j_f=52_@Si5?Fu5<87:;AV@ j5?9:7);kFﬀ7:eT@S_@8V@?fvbj_@Fr7b~¢<Eb_f=bFy;=5?fﬃW{<;=@?F_<@M-³&pMp¡W:7X@ Q)e_@8V5?fk;=@?9Dz$7:eT@ <?ey;=@?~Łb_~
a¡9{@?FT<?ew<Eb_f=bFy;=5?fW{<?;v@?Fr7:;ZW:7{W;kFd7:e_@;kFr7X@?9  g59j@?9X;=b-S_zB{b;F_@ESd7:e_@Mtﬂ~:@?ff=bTg  7:9{52V@?fkfv@?9*W2t2   ;F3 ^¡¡³!F_5fAWﬂ;ZW
58sbMp_7Ł7:e_@g52u<Eb_f=b_FM;=5?f;ZWﬂ S_@rW:7:9op$<87X@ESdW{<?;v@?Fr7:;k~q;v<>_F_bMg fv@ESM@;kFLb-<E<2pj_;=@ES<EbMpFr7:9ﬂ;v@rW5?9D@F_bM7¢<Eb_ b_Fﬀ;kF
7:e_bW{@T@E5?9(W2    (
n;A7:eTbTp_7¢Wop9ﬂj_9X;ZW{@Ez$5?F_S;kFe_5?9ﬂ,bFm g ;C7:e,7:eT@?;k9W{<?;v@?Fr7:;ZWX¦;vS_@EbfvbMTz-bWo76b_~cbTp9Ł<?eT5?9{5E<27X@?9*W{zMge_@?F
7X5?fk>_;kFyub~:z¡b_9);k j_fCM;FMﬀ7:e_@ﬀW{@?fCV@rW¢;kF_z;kFm7X@?9ﬂF_527:;=bFT5?f¡W{<?;=@Fr7:;k~q;=<b_9ﬂ5?FM;lm587:;=b_F-WDz-e_5ES g eT587ﬃ;W\p¡W:p$5?fkfA	<E5?fkf=@S













³<Eb_f=b_FM;=5?fMsbT7X5FM;ZW:7Xz-Q)e_@2V5?fk;v@?9_B{b_;kF_@ES ;kF  ^,7:eT@&j587:9{b_F_5?@!<b ;A7q7X@E@!b_~ ®¢546@?FW{YE@ zT7:eT@B{bTp9XF_5?f
b~c<Eb_ pFy;ZWo7c;kFm7X@?fkf=@<87qp$5?fZWŁ5F_S7:e_@?;9ﬃ~:@?fkf=bMgq7:9{58V@fkf=@?9*W¹I,@&jMp_s_f;ZWﬂeT@ES5?F5ESM ;9{587:;AV@!5?9o7:;=<?fv@!58sbMp_7
5?_9{b_F_b_;kFULK¶KMGz_;kF F	m Oﬂb-<27XbTs@?9 ﬂS_@E<@?s@9! ^zj_j¡C©-` ©_z¡to®¢5 K<?;=@?FT<E@!5?_9{b_F_b_ ;=rp$@!@?Fa¡9{5?FT<E@
@876@?FUGK¶K¡tﬂ]·to1@g;kfkf_eT58V@&p$<e7Xb	f=@5?9ﬂF ~q9{b_+ULK¶KMGg ey;=<?eb_9ﬂ5?Fy;klm587:;vbF j_9Db_9{@mW*W{@S,,5rW*WX;AV@?fC
Wﬂ;kFT<E@7:e_@&fv5rWo7  «!T@E5?9*WDzj_9ﬂ;F_<?;kj5fkfA~:b9Ł5?j_j_f;=@ESﬀW{<?;v@?F_<E@mW{z5?F_S58sbTV@!5?fkf_~:b_97:e_@!5?_9ﬂ;v<8pfA7qp9{5?fWD<?;=@?FT<E@





    ³!b_FMP@8<E@?jM7:;=b_F-W8·¹4c;=@?9ﬂ9D@!b_;A7X@E52p$zT;=b_f=b__;=@!@876<Eb_f=bFy;=5?fk;Wﬂ@Ez_;kF®¢5)RPbMp_V@?fkfv@!Q9X;A7:;=rp$@ z_F_bMV¡¡ ^-«  z
j_j¡C[_´%`_`
   K@E@&~:b_9ﬃ;kF-W:7X5?F_<@&9X;k_;A7q7X@ K<?eM9Db-@ES_@9 ﬂ&p$S_@?erp¡WDO? ^_[-«m]{zbj¡y<?;A7( zMg eT@?9{@WﬂeT@!5?F_5fAW{@rWﬃ;F e_@?9
;kFr7:9Db-Srp$<87:;vbF!RP@E@ESMeT5? W7:eT@rWﬂ;ZW
   &p$bT7X@SsyK<?ey9{b@ES_@?9 ﬂ&p$S_@?emp¡WŁO? ^_[-«m]{zbj¡y<?;A7(
©_´
<E5?F;kFTS_@E@EShs@i7X5?>@?F5mWP5,b-S_@?f~:b_9bM7:e_@?9 ~q;v@?f=S-W2t2 *ﬂneT@?Fhj_9DbjbWﬂ;kFyeM;ZW;kFr7X@9ﬂF_587:;vbFT5?f&W{@9oV_;=<@i~:b9
W{<?;v@?Fr7:;k~q;v<h<Ebﬂb_j@?9{587:;=b_F_z)RP@E@ESMeT5? 5mWﬂ>@ES§7:eT587 7:eT@bMV@?9ﬂFy@?Fm7{W g ey;=<?e9{@E<b_Fy;klm@ES5hWﬂj5E<E@d~:b_9 7:e_@?;k9
W{<?;v@?Fr7:;ZW:7{W);kF7:e_@Fm7:;=b_F_5?ffv@8V@?fvz¶S_bﬀ7:e_@W{5?@587ﬃ7:e_@;Fr7X@?9ﬂFT587:;=b_F_5?f$f=@8V@f=z-s@E<E52p¡W{@ W{<?;=@Fr7:;ZW:7{W)59{@EzsyF_587qp9D@Ez
;kFr7X@9ﬂF_587:;vbFT5?fkfA	o ;F_S_@ES 5?FTS 5?9{@¦FTbT7£F_587:;vbFT5?fkfA	o ;F_S_@ES_zd5F_S s@E<E58p¡WD@ WD<?;=@?FT<E@+7:9{5?F-WD<E@?FTS-W}FT587:;=b_F_5?f
sb5?9{S_@?9(W2 o
³ WRﬀ@@ESMe_5?,z&F_@?;A7:eT@?9	@?9XF_5?fq  {z&F_b_9ﬀ¬bf;=bT7 XQ¢p9X;=@h@rWD<E5?j@ES~q9{b ~ZpF_<87:;vbFT5?fk;ZWX\eT@~:5?,bTp¡W
@?9ﬂF_5f= W¤rp$bM7X587:;=b_F tﬂNXF ;A7{W¨@?FTS_@E58VbMp9¦WD<?;=@?FT<E@ ;W¤<Eb_ pFy;ZWﬂLt+;ZW17:e_@"<bFT<?fAp¡Wﬂ;vbF²b~5 7qyj_;=<E5?f
~ZpF_<87:;vbFyF_5?fk;Wo7,5?j_j_9{b5E<?e¡·&tﬂ³!f9{@E5ESrwg@de_52V@d;kFh7:e_@dj_9{5<87:;=<E@b_~	WD<?;=@?FT<E@7:e_@uj_9{bT7XbM7qyj@i~:b_95?fkf)emp5?F
<Eb_ b_F5E<87:;=b_Fcﬃe_@	7X5rWX>W&g ey;=<?ei7:eT@WD<?;=@?Fm7:;ZWo7{We_58V@,pFTS_@?9o7X5?>@?F 7:eT@,pFTS_@?9*Wo7X5F_SM;kFy5?F_S <EbFm7:9{b_fﬃb_~
F_587qp9D@i5?FTShb_~&5Fey;kﬀWD@?fk~ !;ZW@?9D@?fAd7:eT@i<Eb_F-WD<?;=bMp¡W@8Tj_9{@rW*WX;=b_Fb~)7:eT@	7X5rWﬂ>wb_~emp5?FhWDb-<;=@87q$ﬃe_@
@87:eTb-S-W)syﬀgeM;=<?eﬀ7:ey;ZW)7X5rWX>i;ZW527q7X@? jM7X@ES_z¡e_bMg@8V@?9;k j@?9X~:@E<87:fAP7:e_@85?9{@ 9{@E5?f;klm@ES_zc5?9{@7:e_@ @87:eTb-S-W)sy
g ey;=<?eemp5?FM;C7q;ZWbWo7¢fk;k>@fAﬀ7XbWD@E<8p9{@ ;A7{WbMgF~Zp_7qp9{@M-NXF;A7{W@?F_S_@58VbMp9{z\WD<?;=@?FT<E@;ZW<Eb_ pFM;Wﬂ  2t2
Nﬂ~WD<?;=@?FT<E@;ZW!7:e_@b-S_@f=z\7:e_@j_9{5E<27:;=<E@rWb_~0WD<?;=@?Fm7:;ZWo7{W05?9{@5?fZWDbh@8@? j_f=59{zJ5F_Si@?9ﬂF_5fﬃfAy9ﬂ;=<E5?ffAS_@mW{<?9ﬂ;Cs@rW
W{<?;v@?Fr7:;k~q;v<!5E<87:;AVT;A7:;=@rWDzTg;A7:e7:eT@W{5?@g,b_9{S-W46bfv5?Fry;WﬂeTbTpfvS,eT58V@p¡WD@ES





)ﬃe_@ @E<bFTb ;v<E5?f$<?9ﬂ;ZWX;ZW{zg;A7:e5rW(Wﬂ;AV@pFT@? j_f=bMT@?@?Fm7Ł5?FTS	 ;W{@?9oTz¶WXe_bMg@S,7:e_@&pF_52s_;kfk;C7qPb~6<E5?j_;A7X5fk;ZWﬂ
7XbWD587:;ZWﬂ~Z ;kFy;k5?fWDb-<;=5?f_F_@@ES-W{zMg eT@?FﬀWD<?;=@?FT<E@!5?j_j@E5?9D@ES7Xbﬀ<Eb_F_<E@5?f_5?Fm jbW*WX;As_;kf;A7:;=@rWﬃ~:b_97:e_527(
Jﬃe_@!;k5@b_~JWD<?;=@?FT<E@0;F,ULK¡KMG1e_5rWŁ9{@5E<?e_@S	;A7{WŁlm@?Fy;A7:e_z~:b9Ł;A7{WW{b<?;=5?f5F_S jbf;A7:;=<E5?f_9D@E<Eb__FM;A7:;=b_F_z5rWg,@?fkf
5rWﬃ~:b_9ﬃ;A7{Ws@?F_@?~q;C7{Wﬃ~:b9ﬃj@bj_f=@y
 *_RP@E@ESMeT5?O? ^^M]{zbj¡y<?;A7( z_j¡  ©r³!FTS	55?;kFu·-tﬂNXF @?F_@9{5?f=z_;A7c ;k_em7¶s@W{5?;vS7:eT587¡7:e_@?9D@&;ZWŁ5pFM;CV@?9*WD5?f
S_@rWﬂ;9{@!5?b_FMW{<;=@?Fr7:;Wo7{W7XbW{@E@s@87q7X@?9ﬃ;kFm7X@?9ﬂF_527:;=bFT5?fW{<;=@?Fr7:;~q;=<!<Eb_Fr7X5E<87{W6;kF7:e_@!<b ;FM T@E5?9*WtJO:;kF
U FT@rW{<b	49D@?j¡MQb_ =RP587(K-<;qMQb_ 2   z_j¡C[_z¬{pfAd ^´M]
 oﬃ¬b WD@?j_e5?FTS­,b_9{bT7:em!RP@E@ESMeT5?z¡K<?;=@?FT<E@!p_7:jbWo7(E465?j@?9*W\b~7:e_@ K_;kFTb q&9X;A7:;ZWﬂeLK-<;=@?F_<@!Qbﬂ!j@?9{587:;vbF




5gb_9ﬂ>_;kFyP<EbpFM;A7q$tŁOo;kF ¬{­+@?9ﬂFT5?f¡to®¢5 K<?;=@?FT<E@!@87cf=@WDb9o76S_@rW6e_b_ @rWt{zT®¢546@?FW{YE@ z_F	2«yz-b<87( ﬂS_@E<y
 ^«m]2





Wﬂj_;k9X;A7b_~W{<?;=@F_<E@O*== ]2)ﬃe_@S_@8V@?f=b_j_@?Fr7b_~ W{<;=@?F_<@i;kFa¶5rW{<?;Wo7<EbMpFr7:9ﬂ;v@rW ;ZW,5d<?f=@5?9 ;kFTSM;=<E587:;=b_Fb_~&7:e_@
~ZpF_S_5?,@?Fr7X5?f;kFT<Eb_ j587:;AsT;kfk;A7q s@87qg,@E@?F @?;C7:e_@?9n7:e_@¦7:eT@Eb9: b_97:eT@°5?j_j_fk;=<E527:;=bF b_~1W{<?;=@F_<E@|5F_S 7:e_@
7X@?F_S_@F_<?;=@mW b_~!<5?j_;kf=5?f;ZWo70@E<Eb_F_b_ ;=<u5?F_Sjbfk;C7:;=<E5?f¢S_@8V@f=bj_,@?Fr7(  *t2¶ac5rWD<?;ZWX s@?;kFMw;kFd7:e_@u<Eb_Fr7:;kFmp;A7qwb_~
<E5?j_;A7X5fk;ZWﬂ,z07:eM;ZW Wo7:9{@?FyM7:e_@?FWﬀ7:e_@h;vS_@?FM~q;=<587:;=b_F}s@87qg,@E@?F7:e_@S_@?~:@?FW{@b_~W{<?;=@F_<E@5?FTS}7:e_@}Wo7:9:p__f=@h~:b9
W{b<?;=5?f;ZWﬂ
\eT@¨9ﬂ;A7:;Wﬂe toV_;ZWX;As_fv@¦<Eb_fkf=@@Mt{zd5?FTS 7:e_@+a¡9{@F_<?e @Erp;AV5?f=@?Fm75?9D@¨7:eT@?F|7:e_@+j_9{bSrp$<E@¤b_~7qg,b
j_9{b<E@rW*WD@rW ·5ﬀWDb-<?;vb oj_9Db~:@rW(Wﬂ;=b_F_5fSryFT5? ;=<rW Oq7:e_@ﬀW{b<?;=5?f$9ﬂ;ZW{@b~)WD<?;=@?Fm7:;ZWo7{W5?F_S	7:eT@?;k9S_@?,5?F_S-W¢~:b95!s_;k_@?9
j_f=5E<E@ ;kFdWDb-<;=@87qu5F_S~:b9j5?9o7:;v<?;kj587:;=b_Fﬀ7XbijbMg@9ﬂ]5?F_Su5?FeM;Wo7Xb_9ﬂ;=<E5?f$jbfk;C7:;=<E5?f~q9D5E<87qp9{@ ORﬀ5?l;ZWﬂz-syp;kf=SM;kFy
b~uUK¡KMGziW{b<?;=5?fP<?9ﬂ;Wﬂ;ZWX]geM;v<?e¤jMp¡WﬂeT@ES¨7Xbjbfk;C7:;=<E5?fP5E<87:;CV_;ZWX ~:b_9W{b<?;=5?f;ZWﬂ\eT@rW{@}7qg,b¦j_9{b<E@rW(W{@rW
<Eb_s_;kFT@ES;kFﬀ7:e_@d ^_©_ª-W{z¡_;AV_;FM 5?FeM;ZW:7Xb9X;=<E5?fﬃWﬂ;FMMpf=5?9X;A7q Tx;A7:euW{b_@ SM;k~q~:@?9D@?F_<E@mW5?FTSﬀ5?FruWX;k ;kf=59ﬂ;A7:;=@rWDz





Qbfkf;kFM;q  {z7:eT@ig5?9 sT9{bTp_em755?;kFSM;k~q~:@?9D@?F_<E@mWs@27qg@E@Fa¡9{@F_<?e£5?F_S9ﬂ;A7:;Wﬂeh;Fr7X@?fkfv@E<87qp$5?fZW­p$@7Xbh7:e_@
jb WX;A7:;=b_Fb<E<8pj_;=@SsM9ﬂ;A7X5?;kF£bF7:e_@i~q9DbFm7:fk;kF_@u~:b97:eT@i~q;k_em7~:b9 ~q9D@E@ES_b_¯5?F_Shf;As@?9:7q_zŁf=@?~Z7OXSM;ZW*WX;=S_@?Fr7:]
;kFr7X@fkf=@E<87qp$5fZW9{@ o;Fr7X@?_9{527X@07:e_@FT587:;=b_F_5?f <EbpFM;A7qP;kF9ﬂ;A7X5?;kFTz¡5rWb_j_jb WD@ES	7Xb;kFr7X@?ff=@E<87qp$5?fW);kFa¡9{5?FT<E@ 5?FTS
<Eb_Fr7:;kFT@?Fr7X5?fMHŁp9{b_j@M




7X5?>_;kFy ;kFr7Xb 5E<E<EbMpFr7sbT7:e SryF_5? ;v<rW2³!F_S 7:ey;ZW1@2_j_f=5?;F-W15fZW{b ger 5fkfd527q7X@? jM7{W7Xb"f=58pFT<?e Wop$<?e
  
@?9ﬂFT5?fO? ^_©_^M]{zb_j¡M<?;C7( z_j_j¡   ª   ﬃ m











5?fkf7:e_@¤jbT7X@Fr7:;=5?f;A7:;=@rWxb_~}W{<;=@?F_<@¦O @?9XF_5?fk;Wﬂ ]{z7:e_@8|g,5?Fm7X@ES"5¦W:7:9{bFy b9ﬂ5FM;klm527:;=bF 5?F_S"Wop~q~q;v<?;=@?Fm7
~ZpF_SM;kFyW{z)b_9{@d@rWXj@E<?;=5fkfAw5rW!g,5?9!g5rW<Eb_ ;kFy5?FTS7:eT587 WD<?;=@?FT<E@WXe_bMg@S;A7{W@?~q~q;=<;=@?F_<2;kF1 ^  2 E` 
Kb-<?;v5?fk;ZWX ;FﬀUK¡KMGz s@<E58p¡W{@b_~\7:eT@ﬀWﬂj5E<E@5E<<Eb9DS_@ESL7XbW{<?;=@F_<E@ 5F_Sb_~ﬃ;A7{Wb_9ﬂ5?Fy;klm587:;=b_F_z;ZW587ﬃ7:e_@W{5?@
7:;k@!5&bS_@?f5?FTS5&5?9{5?Fm7X@E@7:e_58765?ff_jbT7X@?Fm7:;=5?fWDb-<?;v5?fMs@?FT@?~q;A7{Wg;kfkfMs@&jMpfkf=@ESbMp_76b~ﬃW{<;=@?F_<@M
Mﬃ  24)$%098-.67'(%)$"  ﬁ)   
0FT@he_5rWu5fZW{bn7Xb39{@?,@?s@9ﬀ7:e_5877:eM;WeM;k_eWo7X587qp¡W_;CV@?F}7Xb¤W{<?;v@?F_<E@h;Wu5?fZWDb+5?F;kFMeT@?9ﬂ;A7X5@hb_~





7Xb"<Eb_Fr7:9Dbfﬀ7:eT@+9{@rWopfC7{Wb~;A7{W§5?j_j_fk;=<E527:;=bFTzWDb 7:eT5877:e_@8 S_b FTbT77X5?>@3pFT@8_j@E<27X@ES°b9hpFTS_@rWﬂ;k9D58s_f=@
SM;k9{@E<27:;=bFW2t2   2\acb_9 @?9ﬂF_5f!t2K<?;=@?FT<E@g;kfkf<Eb_@7Xbhs@u9{@E<Eb__FM;kl¹@ES5rW7:eT@d<?ey;=@?~!~:5E<87Xb_9 ;kFw~ZpF_S_5?,@?Fr7X5?f
W{b<?;=5?f$<?eT5?FM@M   *t2rxe_5876;ZWŁf=@?~Z7c7:e_@?F 7Xb<?f=5mW*WWo7:9op__fv@b_9J,5rW*WŁ;kFy;A7:;=587:;AV@xe_@FWD<?;=@?FT<E@!;ZWŁ_;AV@?FPWop$<?e5
j5?9o7Xz7:eT@SM;~q~:@?9{@?FT<E@rWﬃs@87qg,@E@?FWDb-<?;v5?fk;ZWX|5?FTSﬀ<E5j_;A7X5?fk;ZWX¦~:5S_@58g,58$_ﬃe_@ W{<?;v@?Fr7:;k~q;v<09{@2Vb_fAp_7:;=b_F	;W\7:eT@0FT@8g
W{b<?;=5?fc9{@8VbfAp_7:;vbF$ﬃt{Qb_ 9{5S_@rW{zﬃS_b_F_ 7)sbT7:eT@?9{z g,@5?9{@<Eb_F-W:7:9op$<87:;kFyWDb-<?;v5?fk;ZWX 7:ey9{bMp_edW{<?;=@F_<E@ ~:b_9TbMpct{z
5rWd@?9ﬂFT5?fk;ZWX eT5rWds@@?F5?F_5fAW{@ES+sMG!5SM;=<E5?fuK<?;=@?FT<E@n¬2bMp9ﬂF_5f ;F+7:e_@¦ ^_[_ª-W0³!FTS3@?9ﬂF_5f ;kF-WX;ZWo7X@S
t2K<?;=@?FT<E@;kj_fk;=@rWL5ipFM;k~q;=@S}5?FTS}<b ﬂb_9{SM;kFT587X@ES5?F_S58sbTV@5fkf=z&<bFW{<?;=bMp¡WP<Eb_Fr7:9{b_fb~!7:e_@ige_b_f=@hW{b<?;=5?f
fk;k~:@Mt2  2¡KMp$<?e5	WDb-<;=5?f¡<Eb_Fr7:9Dbf;FiW{<;=@?F_<@ ﬂS_b_ ;kF_527X@ESiW{b<?;=@87qP;ZW¢F_bM7¢5p$<?ePj_f=@E5rWD5?Fr76~Zp_7qp9{@M==K<?;=@?Fm7:;ZWﬂ
  ﬃ¬{­+@?9ﬂFT5?f¡to®¢5 K<?;=@?FT<E@!@87cf=@W{b_9o76S_@rWﬃeTb@rW2t{zM®¢546@?F-WDYE@ z_F	2«yz-b<87( ﬂS_@E<M¡ ^«
   ¶@?9ﬂFT5?fO? ^_©_^M]{zb_j¡M<?;C7( z_j¡ ﬃ  ¡






j_f=5?Fy;k~q;=@ESd<bfkfv@E<87:;AV@g,b_9ﬂ>z5?FTSL7:eT@ ~:5rWo7W{<?;v@?Fr7:;k~q;v<	S_@2V@?f=b_j_@?Fm7Xz geM;=<eﬀI5?fvS_5?F_@M 2ﬃj5?9o7:;=<8pfv5?9ﬂfA@85?fC7X@ES
HJV@?F_z_7:e_@   ªr7:eﬀ5FM;AV@?9*W{59oPb_~¶ bW{<bTg¨³<E5ES_@?,b_~JK<?;v@?F_<E@mWﬃ;kF)BopFT@ﬀ ^«e_5rWs@E@?F5sT;kW{b<?;=5?f@2V@?Fm7
~:b9Ł5fkfW{<?;v@?Fr7:;ZW:7{W{zMg eT@87:e_@9ﬃj_9{b_9D@rW*WX;AV@!b_9Ł<Eb_F-W{@9oV587:;CV@M
³&7	7:eT@@?F_S1b_~ 7:e_@g,5?9{z!;kF15g,58Tz!@9ﬂF_5?f;ZWﬂ e_5ES§7:9X;Ap j_e_@S =Jg;A7:ex<E5?j_;A7X5?f;ZWﬂﬃe_@W{b<?;=5?f
~ZpF_<87:;vbF¨b~dWD<?;=@?FT<E@}e_@x5?F_5?fC-WD@ES3g,5rWdFTbT7 <Eb_Fr7:9D5ESM;=<87Xb_9o1g ;C7:e¤<E5?j_;C7X5?fk;ZW:7Xz	b_F37:eT@n<Eb_Fr7:9{59o ·a$p9o7:e_@?9
S_@8V@f=bj_,@?Fr7{Wb_~n<5?j_;A7X5?fk;Wﬂ g@9{@ s5mW{@ES b_F 7:eT@¦;kFMFTbTV587:;AV@¦j_9{b<E@rW*WD@rW}sT9{bMp_er7sM WD<?;=@?FT<E@|5?FTS
7X@E<?eyF_b_f=bM$Ep_7ﬃ5mWﬃ~:5?9Ł5rW)WDb-<;=5?fk;ZWX+g5mWŁ<Eb_F_<E@?9XF_@ES==
­p9ﬂ;FMd7:e_@	g,5?9{z7:e_@	®¢@?~Z7@?9ﬂ@ESu;kFr7Xbb_~q~q;=<?;=5?f6b9X5?FM;ZWXﬀW2NXF7:eT@	;k ,@ESM;=587X@P5?~Z7X@?9  g,5?9j@?9ﬂ;=bS_z
bFT@ﬀ58ugb_F_S_@9&g eT@87:e_@?9&7:eT@ﬀ;k jb_9o7X5?Fm7f=@?~Z7j59o7:;=<?;kj527:;=bFu;kF b~q~q;v<?;=5?fc@E@87:;kFyW&,5?FM;k~:@mWo7X@ESi;C7{W&@?FT@?9{5?f




7:e_@|F_527:;=bFT5?fig,5?91@?~q~:b_9o7(uŁb@87:eT@?9{zhW{<;=@?Fr7:;Wo7{W1<bFm7:9ﬂ;AsMp_7X@S 7Xb RP5?lE;ZWX S_@?~:@E527(³!~Z7X@9| ^`yzhWop$<?e
W{b<?;=58sT;kfk;A7:;v@rWŁ@8Tj_f=b-S_@S
\eT@ﬀ<Eb_f=Sg,5?9{z¶7:eT@,®ﬃW{@?Fy>b- W5?~q~:5;k9{z¶fv@E5ESﬀ7Xbd5 @?F_@?9D5?f¡;=S_@Eb_f=b_;v<E5?fg ;C7:e_SM9{58g,5?fcb_~Jf=@~Z7&WD<?;=@?Fm7:;ZWo7{W
7XbTg,5?9{S-W,5d<Eb_ j_f=@87X@F_@2p_7X5?fk;A7qwb_~WD<?;=@?FT<E@ﬀg eT@?FF_bM7&7XbMg5?9DS-W07:eT@iS_@~:@?F-WD@ib_~7:eT@~q9{@@ES_b²b_~W{<;=@?F_<@M
K<?;=@?FT<E@ij_f=5?Fy;k~q;=<E527:;=bFg5mW 9{@ESrp$<@ES7Xb5@?9{@dW{<;=@?F_<@jb_fk;=<8$ X2Nﬂ~®¢5?FM@8VT;kF9{@?~Zp¡WD@ES;kF1 ^_©_^d7XbhjMp_7
   §b W:7ﬃb_~cbTp9Ł<e_5?9{5<87X@?9*Wg,@?Fm7¶7Xb UK¡KMGx;kF7:e_@ﬀ ^_©_ª-WDzTg;A7:e7X@Fb9Ł5!S_b_lm@?FV_;ZWX;A7{Wﬃ~:b_9ŁQ9DbTg7:e_@?9rNﬂF
 ^_© z-5~Z7X@?97:e_@!<Eb_FM_9D@rW*WDzeT@7Xb-b_> g ;A7:eeM;k58sbTp_7  ªﬀW{<;=@?Fr7:;Wo7{WŁOﬂ5bFy g eTb+@?9ﬂFT5?f=zMI5f=S_5?F_@zT4c;k9ﬂ;v@
5?F_SIp__f=@2M]Ł5F_S58sbMp_7 ª j_erWﬂ;=<;=5?F-W-K@E@!Q)9{bMg7:e_@?9ŁO? ^_[_ªM]Dz-b_j¡C<?;A7( zj_j¡k` %`_«K@E@!5?fZWDb,­,58V_;vS	Q58p_7X@
O? ^-`_`m]{zbj¡y<?;A7( ®¢5?Fy@8V_;kF7:9{58V@fkf=@ES7Xb, §b WD<EbMpﬀ;Fd ^ `5?F_Sd ^_© mRﬀ@E@SMe_5?¤ey;kﬀW{@fk~c<Eb-b_9{SM;kFT587X@ES ;kF
 ^  g ;A7:e¬EK ­58VT;=@rWŁ5F5?jb_f=b@27:;=<sbb>uK<?;=@F_<E@&;kFLK-bMV_;v@87¡Gp¡W(Wﬂ;=5 zT®¢b_F_S_b_F_zM1527q7{WŁ5?F_SQb¡
 2-I,5?f=S_5?FT@!O? ^-«  _]{zbj¡y<?;A7( z_j¡  ª_ª¹x9ﬂ;A7:;kFyP58sbMp_7¡7:e_@Wop$<<E@rW*W\b~7:e_@ K@ES_bMVP<?9:p;ZW{@Ez_e_@!@2_j_f=5?;F-W7:eT587










5?9ﬂ_;F_5?fk;lm587:;=b_Fb~!aŁKM¤¢\eT@ g,58w}aŁKM ~:b_fkf=bMg,@ES£ULK¡KMG"7:e_@mWﬂ;ZWDz5F_Sh;A7{W,58sWDbfAp_7X@g@E5>_F_@rW(W ;kF
S_@?~:@?FTSM;kFM;A7{WwbMg F¤~:b_9ﬂ@?9f=@5ES_@?9*WwOof;k>@} 5?f=@>¦;kF  ^_´-`¨Ł<?e_@E<b WXf=bTV5Erp;=5?]dVT;=<87:;kﬀWwb_~9{@?j_9D@rW*WX;=bFTz
<Eb_ j_f=@87X@ES ;A7{W\SM;ZW{<?9D@ESM;A7(
HMﬃ 24- ;<-867#ﬁ2= !)&?!# 6	3?-.% $- 98->;<-. 6%)&" 367 !+&#*  "$#$%'





Bop j~q9{b b_F_@f=@8V@f07Xb¤5?FTbT7:eT@?9·!<Eb_FMFT@E<87:;=b_F-Wg,@?9{@b~Z7X@?Fxj_9{b~:@mW*Wﬂ;vbFT5?f5?F_S jb_fk;A7:;=<5?fOo;kF}7:eT@hf=5?9ﬂ@
@E5?Fy;kFMxb_~07:eT@ g,b_9{SM]{zg;A7:ew ;A@Sb9ﬂ5FM;klm527:;=bFW fk;>@7:e_@i³!Fy_f=b a¡9{@?FT<?enKb<?;=@87qTzJpFM;vbFW{z5?Fr7:;~:5E<?;ZW:7
bMV@?@Fr7{W{z¡5?FTSiW{bubF$_NﬂFr7X@?9XF_587:;=b_F_5f¡b9X5?FM;kl¹587:;=b_F-W)j_fv58T@ES5?Fﬀ; jb9:7X5?Fr7Łj5?9:7¢587ﬃ7:e_@ @F_Sﬀb_~¶7:eT@ ^ª-W
\ey;ZWdg,5rWd7:e_@1<E5rWD@nb_~ﬀU FT@rW{<Eb5?FTS3}aŁKMzg ey;=<?e+9D@?j_9{@rWD@?Fr7X@ES_zsbT7:e¨b~ﬀ7:eT@?z5}jb_fk;A7:;=<E5f5?F_S 5
j_9{b_~:@rW*WX;=bFT5?f<Eb_  ;A7:@Fr7()ﬃeM;W ;AM7qp9D@ie_5rWF_bM7!7Xb£s@i9{@?_9D@87q7X@ES¡·W:p$<?e}WDb-<;=58s_;fk;A7:;=@rWf=@E5ES7Xb<?9{@587:;AV@







9{5ESM;=<5?f&9opjM7qp9D@g;A7:e§7:eT@dj_9{@  g,5?9 HJp9Db-<E@Fr7:9ﬂ;ZWX Oﬂ5?F_Sha¡9{5F_<Eb<E@?Fm7:9ﬂ;ZWﬂ¯~:b_9 a¡9{@?FT<?e;kFr7X@fkf=@E<87qp$5fZWﬂ]2ﬃp_7
U FT@rW{<bﬀ~q9op;A7:~Zpfj@?9ﬂ;=bSﬀ@?FTS_@ES,g;A7:eP<Eb_f=S,g,5?9{z$5?F_Sg;A7:e ;A7{Wﬃ;Fr7X@?9 {Wo7X587X@!5?FTS5ESM ;kFy;ZWo7:9{527:;AV@!@8VbfCp_7:;=bF$Mﬃe_@





b-<<8pj_;=@ES5?;kFyfAh7:eT@i_9{bMpF_Sb_~!j@E5E<E@ <E5? j5?;_F-WOX5?F_S5?fW{bj_9{b~:@mW*Wﬂ;vbFT5?fS_@?5F_S-Wb_9 j_9{b_bM7:;=b_Fb_~
W{<?;v@?F_<E@]2¶p_7@8V@?FwbFd7:eT587!_9{bMpF_S_zﬃ}aŁKM SM;k9D@E<87!;FM~qfAp$@?FT<E@	V5FM;ZWXe_@ESd9{5?j_;vSMfAi7Xbd7:e_@ﬀj_9{b_~q;A7b_~g;=S_@?9
bMV@?@Fr7cfk;k>@4¡pMg,5rWﬂe$




HMﬃ %?, ;A3,*  "$#$%'
\eT@j_9{@rWD@?Fr7LWﬂ;k_Fy;k~q;=<E5?FT<E@hb_~!RP@E@ESMeT5? ;ZWP~:5?9s@8Tb_F_S};A7{WP;=S_@Eb_f=b__;=<E5?fj_9{bM_; ;A7:;=@rW g;A7:e¤ ^_©_ª-W
W{<?;v@?Fr7:;ZWX 5?F_S5?FbTp_7XS_587X@S @?9XF_5?fk;WﬂI@iWXe_bMgﬀW7qg,b,5?;kF b9ﬂ;_;kF_5?f;A7:;=@rW~q9{b_ b_9{SM;kF_59oW{<?;v@?Fr7:;ZWXu·eM;ZW
bj_jbWﬂ;C7:;=bF 7Xb	HŁp9{b<E@?Fr7:9X;ZWﬂ J5F_S	ey;ZW¢<?f=5?;ﬀWŁ~:b9¢@87:eM;v<rWŁ;kFW{<?;=@F_<E@MmI ;ZW¢@8VbfCp_7:;=bFeT5rWﬃs@E@?F 7:eT@?F;kFrV@?9*W{@





W{b_@¤>_;kF_S b~£5?F°eM;ZW:7Xb9ﬂ;v<E5?f <EbFWo7:9op$<27:;=bF$	­,b;kFy 7:eT587XzﬀRP@E@ESMe_5 F_bM7b_FMfC|9{@e_58sT;kfk;A7X587X@S¥7:eT@¤bfvS
<?;AVT;kfk;klm527:;=bFWŁ;kF 7:e_@!j5rWo7Xzsyp_7Ł5?fW{bz-~:b9ﬃ7:e_@!j_9{@rWD@?Fr7\5?F_S 7:e_@!~Zp_7qp9{@Ez5~q~q;k9ﬂ@ES 7:e_@?;9\7XbM7X5?f58sT;kfk;A7q7Xb	j@?9X~:b9ﬂ






pF_S_@?9uW{b<?;=5?f;ZWﬂt2 2)NﬂFmV@?9*WD@?fATz&;kF7:e_@n ^_[_ª-W{z)}a\KT g5rWey;k_eMfCS_@E<Eb_F-WX;=S_@?9{@S£sy;A7{WPS_@?~:@F-W{@b_~ 5
  5?9XjﬀO ^-`_`m]{z-b_j¡y<?;A7( zj_j¡C^  ﬂ^¡yﬃe_@W{5@&;=S_@E5rW\5?9{@!5?fZWDbﬀS_@8V@?f=b_j_j@ESsMRﬀ@@ESMe_5?¤;F5sbb>;kF
a¡9{@?FT<?e f=5FMMp$5?@ge_@?9D@&e_@!5?FWog,@?9{@ESrp$@rW:7:;=bFWsM­;=SM;=@?9Ł5?lm5?_FT5ES_bMpO:¬2bW{@?j_e!RP@E@ESMeT5?O? ^_^_©M]{zMUF
J5b  qW:7X@!S_ e_b_ @8p9 ﬃ58p_7XbMs_;vb_9{5j_eM;=@ME­,@&f= @?s_9:_b_f=b__;=@!5&f=5!<?;CV_;kfk;W{587:;=b_F<?ey;kF_b_;ZWD@ zT465?9X;ZW{zMHSM;C7:;=bFWŁSrp
ac@?fk;F UF_@rWD<Eb-z_j¡q ª-`m]2Kj@5?>_;kFMPb_~7:e_@!<Eb_FrT@? jb_9{5?9: 9{@:B{@E<87:;=b_Fb_~ﬃW{<?;=@F_<E@EzmRP@E@ESMe_55ES_S_@ES¡·-tﬂN








jb W:7 %Wo7X5fk;kFM;Wo7wW{b<?;=5?fk;WﬂﬀeM;ZWdV5?9ﬂ;=bMp¡Ww<Eb_  ;A7:@Fr7{Wd;FM~qfAp$@?FT<E@ES¤@E5<?e¤bM7:e_@?95?F_S+58V@}eM;Wi7:e_bMp_er7 5
<Eb_Fr7X@? jb_9{5?9: ~q9op;C7:~ZpfkF_@rW(W2
pjbFj_9{b~q;C7ﬃ5F_S7:e_@!S_@rWX;k9{@!b_~¡j_9{b~q;C7Xz-5?FTS7:e_587c;A7¡g;kfkf5?fAg,58WﬃjMp_7c;A7{Wﬃ,bFT@8 ;F Frp$<?fv@E5?9g,@E5?jb_F-WŁ5?FTS
9{@?~Zp¡WD@7XbWo7Xb_j 7:e_@&j_9{bSrp$<87:;=b_Fb_~g5?9ﬃ5l_tŁOoj¡q ª-`m]2
